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Description 

[0001 ] This invention relates to bicyciic pyrrolyl amides and pharmaceutical compositions comprising bicyciic pyrrolyl 
amides. This invention also relates to the treatment of diabetes, insulin resistance, diabetic neuropathy, diabetic ne- 
5 phropathy, diabetic retinopathy, cataracts, hyperglycemia, hypercholesterolemia, hypertension, hyperinsulinemia, hy- 
perlipidemia, atherosclerosis, and tissue ischemia, particularly myocardial ischemia, using the bicyciic pyrrolyl amides. 

Background of the Invention 

10 [0002] In spite of the early discovery of insulin and its subsequent widespread use in the treatment of diabetes, and 
the later discovery of and use of sulfonylureas, biguanides and thiazolidenediones, such as troglitazone, rosiglitazone 
or pioglitazone, as oral hypoglycemic agents, the treatment of diabetes remains less than satisfactory. 
[0003] The use of insulin requires multiple daily doses, usually by self injection. Determination of the proper dosage 
of insulin requires frequent estimations of the sugar in urine or blood. The administration of an excess dose of insulin 

15 causes hypoglycemia, with effects ranging from mild abnormalities in blood glucose to coma, or even death. Treatment 
of non-insulin dependent diabetes mellitus (Type II diabetes, NIDDM) usually consists of a combination of diet, exercise, 
oral hypoglycemic agents, e.g., thiazolidenediones, and in more severe cases, insulin. However, the clinically available 
hypoglycemic agents can have side effects that limit their use, or an agent may not be effective with a particular patient. 
In the case of insulin dependent diabetes mellitus (Type I), insulin is usually the primary course of therapy. Hypoglycemic 

20 agents that have fewer side effects or succeed where others fail are needed. 

[0004] Atherosclerosis, a disease of the arteries, is recognized to be the leading cause of death in the United States 
and Western Europe. The pathological sequence leading to atherosclerosis and occlusive heart disease is well known. 
The earliest stage in this sequence is the formation of "fatty streaks" in the carotid, coronary and cerebral arteries and 
in the aorta. These lesions are yellow in color due to the presence of lipid deposits found principally within smooth- 

25 muscle cells and in macrophages of the intima layer of the arteries and aorta. Further, it is postulated that most of the 
cholesterol found within the fatty streaks, in turn, give rise to development of the "fibrous plaque," which consists of 
accumulated intimal smooth muscle cells laden with lipid and surrounded by extra-cellular lipid, collagen, elastin and 
proteoglycans. The cells plus matrix form a fibrous cap that covers a deeper deposit of cell debris and more extra 
cellular lipid. The lipid is primarily free and esterified cholesterol. The fibrous plaque forms slowly, and is likely in time 

30 to become calcified and necrotic, advancing to the "complicated lesion," which accounts for the arterial occlusion and 
tendency toward mural thrombosis and arterial muscle spasm that characterize advanced atherosclerosis. 
[0005] Epidemiological evidence has firmly established hyperlipidemia as a primary risk factor in causing cardiovas- 
cular disease (CVD) due to atherosclerosis. In recent years, leaders of the medical profession have placed renewed 
emphasis on lowering plasma cholesterol levels, and low density lipoprotein cholesterol in particular, as an essential 

35 step in prevention of CVD. The upper limits of "normal" are now known to be significantly lower than heretofore appre- 
ciated. As a result, large segments of Western populations are now realized to be at particularly high risk. Such inde- 
pendent risk factors include glucose intolerance, left ventricular hypertrophy, hypertension, and being of the male sex. 
Cardiovascular disease is especially prevalent among diabetic subjects, at least in part because of the existence of 
multiple independent risk factors in this population. Successful treatment of hyperlipidemia in the general population, 

40 and in diabetic subjects in particular, is therefore of exceptional medical importance. 

[0006] Hypertension (or high blood pressure) is a condition which occurs in the human population as a secondary 
symptom to various other disorders such as renal artery stenosis, pheochromocytoma or endocrine disorders. However, 
hypertension is also evidenced in many patients in whom the causative agent or disorder is unknown. While such 
"essential" hypertension is often associated with disorders such as obesity, diabetes and hypertriglyceridemia, the 

^5 relationship between these disorders has not been elucidated. Additionally, many patients display the symptoms of 
high blood pressure in the complete absence of any other signs of disease or disorder. 

[0007] It is known that hypertension can directly lead to heart failure, renal failure and stroke (brain hemorrhaging). 
These conditions are capable of causing death in a patient. Hypertension can also contribute to the development of 
atherosclerosis and coronary disease. These conditions gradually weaken a patient and can lead to death. 
50 [0008] The exact cause of essential hypertension is unknown, though a number of factors are believed to contribute 
to the onset of the disease. Among such factors are stress, uncontrolled emotions, unregulated hormone release (the 
renin, angiotensin, aldosterone system), excessive salt and water due to kidney malfunction, wall thickening and hyper- 
trophy of the vasculature resulting in constricted blood vessels and genetic factors. 

[0009] The treatment of essential hypertension has been undertaken bearing the foregoing factors in mind. Thus, a 
55 broad range of beta-blockers, vasoconstrictors, angiotensin converting enzyme inhibitors and the like have been de- 
veloped and marketed as antihypertensives. The treatment of hypertension utilizing these compounds has proven 
beneficial in the prevention of short- interval deaths such as heart failure, renal failure and brain hemorrhaging. However, 
the development of atherosclerosis or heart disease due to hypertension over a long period of time remains a problem. 



2 
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This implies that although high blood pressure is being reduced, the underlying cause of essential hypertension is not 
responding to this treatment, 

[001 0] Hypertension has been associated with elevated blood insulin levels, a condition known as hyperinsulinemia. 
Insulin, a peptide hormone whose primary actions are to promote glucose utilization, protein synthesis and the formation 
and storage of neutral lipids, also acts to promote vascular cell growth and increase renal sodium retention, among 
other things. These latter functions can be accomplished without affecting glucose levels and are known causes of 
hypertension. Peripheral vasculature growth, for example, can cause constriction of peripheral capillaries while sodium 
retention increases blood volume. Thus, the lowering of insulin levels in hyperinsulinemics can prevent abnormal vas- 
cular growth and renal sodium retention caused by high insulin levels and thereby alleviate hypertension. 
[001 1 ] Cardiac hypertrophy is a significant risk factor in the development of sudden death, myocardial infarction, and 
congestive heart failure. These cardiac events are due, at least in part, to increased susceptibility to myocardial injury 
after ischemia and reperfusion that can occur in out-patient as well as perioperative settings. There is an unmet medical 
need to prevent or minimize adverse myocardial perioperative outcomes, particularly perioperative myocardial infarc- 
tion. Both non-cardiac and cardiac surgery are associated with substantial risks for myocardial infarction or death. 
Some 7 million patients undergoing non-cardiac surgery are considered to be at risk, with incidences of perioperative 
death and serious cardiac complications as high as 20-25% in some series. In addition, of the 400,000 patients un- 
dergoing coronary by-pass surgery annually, perioperative myocardial infarction is estimated to occur in 5% and death 
in 1-2%. There is currently no marketed drug therapy in this area which reduces damage to cardiac tissue from peri- 
operative myocardial ischemia or enhances cardiac resistance to ischemic episodes. Such a therapy is anticipated to 
be life-saving and reduce hospitalizations, enhance quality of life and reduce overall health care costs of high risk 
patients. The mechanism(s) responsible for the myocardial injury observed after ischemia and reperfusion is not fully 
understood. It has been reported (M. F. AHard, etal., Am. J. Physiol., 267: H66-H74 (1994)) that "pre ischemic glycogen 
reduction.Js associated with improved post ischemic left ventricular functional recovery in hypertrophied rat hearts". 
[0012] In addition to myocardial ischemia, other tissues can undergo ischemia and be damaged resulting in serious 
problems for the paitent. Examples of such tissues include cardiac, brain, liver, kidney, lung, gut, skeletal muscle, 
spleen, pancreas, nerve, spinal cord, retina tissue, the vasculature, or intestinal tissue. 

[001 3] Hepatic glucose production is an important target for NIDDM therapy. The liver is the major regulator of plasma 
glucose levels in the post absorptive (fasted) state, and the rate of hepatic glucose production in NIDDM patients is 
significantly elevated relative to normal individuals. Likewise, in the postprandial (fed) state, where the liver has a 
proportionately smaller role in the total plasma glucose supply, hepatic glucose production is abnormally high in NIDDM 
patients. 

[001 4] Glycogenolysis is an important target for interruption of hepatic glucose production. The liver produces glucose 
by glycogenolysis (breakdown of the glucose polymer glycogen) and gluconeogenesis (synthesis of glucose from 2- 
and 3-carbon precursors). Several lines of evidence indicate that glycogenolysis may make an important contribution 
to hepatic glucose output in NIDDM. First, in normal post absorptive man, up to 75% of hepatic glucose production is 
estimated to result from glycogenolysis. Second, patients having liver glycogen storage diseases, including Hers' dis- 
ease (glycogen phosphorylase deficiency), display episodic hypoglycemia. These observations suggest that glycog- 
enolysis may be a significant process for hepatic glucose production. 

[0015] Glycogenolysis is catalyzed in liver, muscle, and brain by tissue-specific isoforms of the enzyme glycogen 
phosphorylase. This enzyme cleaves the glycogen macromolecule to release glucose-1 -phosphate and a new short- 
ened glycogen macromolecule. Several types of glycogen phosphorylase inhibitors have been reported to date: glucose 
and glucose analogs [Martin, J.L. etal, Biochemistry, 30:10101 (1991)]; caffeine and other purine analogs [Kasvinsky, 
PJ. et ai, J. Biol Chem., 25* 3343-3351 and 9102-9106 (1978)]; substituted N-(indole-2-carbonyl)-amides [PCT 
Publication Number WO 96/39385]; and substituted N-(indole-2-carbonyl)-glycinamides [PCT Publication Number WO 
96/39384]. These compounds and glycogen phosphorylase inhibitors in general, have been postulated to be of use 
for the treatment of NIDDM by decreasing hepatic glucose production and lowering glycemia. [Blundell, T.B. et al, 
Diabetologia, 35: Suppl. 2, 569-576 (1992) and Martin etal, Biochemistry, 30: 10101 (1991)]. 
[0016] Myocardial ischemic injury can occur in outpatient as well as in perioperative settings and can lead to the 
development of sudden death, myocardial infarction or congestive heart failure. There is an unmet medical need to 
prevent or minimize myocardial ischemic injury, particularly perioperative myocardial infarction. Such a therapy is an- 
ticipated to be life-saving and reduce hospitalizations, enhance quality of life and reduce overall health care costs of 
high risk patients. 

[0017] Although there are a variety of hyperglycemia, hypercholesterolemia, hypertension, hyperlipidemia, athero- 
sclerosis and tissue ischemia therapies, there is a continuing need and a continuing search in this field of art for 
alternative therapies. 
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Summary of the Invention 



[0018] The present invention provides compounds of Formula I: 




R' 



I 



9 



stereoisomers or pharmaceutical^ acceptable salts thereof, 
wherein 

Q is phenyl; 

each of Z and X are independently (C, CH or Ch^), N, O or S; 
X 1 is NR a , -CH 2 -, O or S; 

each — is independently a bond or is absent, provided that both — are not simlutaneously bonds; 
R 1 is hydrogen or halogen; 

each of R a and R b is independently hydrogen or -C r C 8 alkyl; 
Y is 



or absent; 

R 2 is hydrogen, halogen, C 14 -alkyl, -CN, -C=C-SiMe 3 , SC^-alkyl or C^-alkynyl; 

R 3 is hydrogen, halogen, -C r C 8 alkyl, -CN, -OC-Si(CH 3 ) 3 , - OC r C 8 alkyl, -SC r C 8 alky!, -CF 3 , -NH 2 , 
-NHC r C 8 alkyl, -N(C r C 8 alkyl) 2 , - N0 2 , -C0 2 H, -C0 2 C r C 8 alkyl t -C 2 -C 8 alkenyl, or -C 2 -C 8 alkynyl; 
R 4 is— C(=0)-A; 
A is — NR d R d , or 



each R d is independently hydrogen, C r C 8 alkyl, C r C 8 alkoxy, an aryt group selected from phenyl or naphthyl; or 
a heteroaryl group selected from pyridyl, pyrimidinyl, imidazolyl, thienyl, furyl, pyrazinyl, pyrrolyl, pyranyl, isoben- 
zofuranyl, chromenyl, xanthenyl, indolyl, isoindolyl, indolizinyl, triazolyl, pyridazinyl, indazolyl, purinyl, quinolizinyl, 
isoquinolyl, quinolyl, phthalazinyl, naphthyridinyt, quinoxalinyl, isothiazolyl, benzo[b]thienyl, oxazolyl, thiazolyl, im- 
idazolyl, pyrazolyl or isoxazolyl, wherein each aryl or heteroaryl group may optionally be substituted by halo, 
-OC^alkyl, -C^alkyl, -CF 3 , -NH 2 , -NHC^alkyl, -N(C 1 . 8 alkyl) 3f -N0 2 , -CN, -C0 2 H, -CC^C^alkyl; 
each R c is independently hydrogen, — C(=0)OR a , — OR a , -SR a or -NR a R a ' and 
each n is independently 1-3. 




N 




[0019] In a preferred embodiment of the compounds of Formula I, R b and R 1 are hydrogen. 
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[0020] In another preferred embodiment of the compounds of Formula I, 

R b is hydrogen; 
R 1 is hydrogen; 
s Yis 



10 



15 and A is 



20 




25 

[0021] In another preferred embodiment of the compounds of Formula I, 

R b is hydrogen; 
R 1 is hydrogen; 
30 Y is absent; and 

A is 



35 




40 

[0022] In another preferred embodiment of the compounds of Formula I, 

R b is hydrogen; 
R 1 is hydrogen; 
45 2 is C; 

X is O or S; 
Y is absent; 
A is 

50 



55 
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R 2 is hydrogen; and 

R 3 is hydrogen, halogen or methyl. 

[0023] In another preferred embodiment of the compounds of Formula I, 

Q is phenyl and A is 




[0024] In another preferred embodiment, the invention provides compounds of Formula I 




stereoisomers or pharmaceutical^ acceptable salts, 
wherein 

Q is phenyl; 

(Z is S and X is C), (Z is C and X is S), or (Z is C and X is O); 

each — is independently a bond or is absent, provided that both — are not simlutaneously bonds; 
R 1 is hydrogen or halogen, 

each of R a and R b is independently hydrogen or C 1 -C 8 aikyl; 
Yis 




or absent; 

R 2 and R 3 are independently hydrogen, halogen, C r C 8 alkyl, -CN, -C=CSi(CH 3 ) 3 , or C 2 -C 8 alkynyl; 
R 4 is -C(=0)-A; 
A is -NR d R d , 
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eachR d is independently C r C 8 alkyl; 

each R c is independently hydrogen, -OH, or -C(=0))C r C 8 alkyl; 
each n is independently 1-3. 

[0025] In another preferred embodiment of the compounds of Formula I, A is 



or 




[0026] Also provided are pharmaceutical compositions comprising a compound of Formula I, stereoisomers or phar- 
maceutically acceptable salts. 

[0027] Also provided are uses of a compound of Formula I, stereoisomers or pharmaceutically acceptable salts for 
the manufacture of a medicament for the treatment or prevention of the following diseases: 

(i) atherosclerosis; 

(ii) diabetes, particularly where the diabetes is non-insulin dependent diabetes mellitus (Type II) or the diabetes is 
insulin dependent diabetes mellitus (Type I); 

(iii) insulin resistance; 

(iv) diabetic neuropathy; 

(v) diabetic nephropathy; 

(vi) diabetic retinopathy; 

(vii) cataracts; 

(viii) hypercholesterolemia; 

(ix) hypertriglyceridemia; 

(x) hyperlipidemia; 

(xi) hyperglycemia; 

(xii) hypertension; 

(xiii) tissue ischemia; 

or (xiv) myocardial ischemia. 

[0028] Also provided is the use of a compound of Formula I, stereoisomer or a pharmaceutically acceptable salt 
thereof in the manufacture of a medicament for inhibiting glycogen phosphorylase. 
[0029] The present invention provides the compounds: 
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6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxy-pyrrolidin-1-yI)-(2R)-hydroxy-3-oxo- 
propyl]-amide; 

2-bromo-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrro!idirv1-ylH2R)-hy- 
droxy-3-oxo-propyl]-amide; 

2-methyl-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

(±)-2-methy!-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [1-benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-2-oxo- 
ethyl]-amide; 

2-bromo-6H-thieno[2,3-b]pyrroie-5-carboxylic acid [(1S)-banzyl-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2-oxo-ethyl]- 
amide; 

2-chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R ( 4S)Hdihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

2-chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrroiidin-1-yi)-2-oxo-ethyl]- 
amide; 

2,4-dichloro-6H-thieno[2 I 3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

(±)-4H-thieno[3,2-b]pyrro!e-5-cart>oxylic acid [1-benzyI-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2-oxo-ethyl]-amide; 
2-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

4H-thieno[3 f 2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-(2R)-hydroxy-3-oxo- 
propyl]-amide; 

(±)-2-bromo-4H-furo[3,2-b]pyrrole-5-carboxylic acid [1 -benzyl-2-((3R,4S)-dihydroxypyrrolidin-1 -yl)-2-oxo-ethy(]- 
amide; 

2- bromo-4H-furo[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hydroxy- 

3- oxo-propyl]-amide; 

6H-thieno[2,3-b]pyrrole-5-carboxyIic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1-yi)-2-oxo-ethyl]-amide; 
2-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2-oxo-ethyl]- 
amide; 

2-methyl-4H4hieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl"2-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-2-oxo- 
ethyl]-amide; 

2,4-dichloro-6H-thieno[2,3-b]pyrrole-5-carboxyIic acid [(1 S)-benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1 -yl)-2-oxo- 
ethyl]-amide; 

2-cyano-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1 S)-benzyl-2-(3-hydroxy-azetidin-1 -yl)-2-oxo-ethyl]-amide; 
2-chloro-6H-thieno[2,3-b]pyrro!e-5-carboxylic acid [(1S)-benzyl-2-morpholin-4-yl-2-oxo-ethyl]-amide; 
2-chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-dimethylcarbamoyl-2-phenyl-ethyl]-amide; 
2-chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-(1 t 1-dioxo-1-thiazoiidin-3-yl)-2-oxo-ethyl]- 
amide; 

1- {(2SH(2^hloro-6H4hieno[2,3-b]pyr^ acid 
ethyl ester; 

2- bromo-6H-thieno[2 > 3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-(3-hydroxy-azetidin-1-yl)-2-oxo-ethyl]-amide; 
2-methyl-4H-furo[3,2-b]pyrroIe-5'Carboxylic acid [(1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1 -yl)-2-oxo-ethyl]- 
amide; 

2-trimethylsiianylethynyl-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-(3-hydroxy-azetidin-1-yl)- 
2-oxo-ethyl]-amide; 

2-ethynyl-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-(3-hydroxy-azetidin-1-yl)-2-oxo-ethyl]-amide; 
2-fluoro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1 -yl)-2-oxo-ethyl]- 
amide; 

2-cyano-4H-f uro[3,2-b]pyrrole-5-carboxylic acid [( 1 S)-benzy!-2-(3-hydroxy-azetidin-1 -yl)-2-oxo-ethyl]-amide; 
2-chloro-4H-furo[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2-oxo-ethyf]- 
amide; 

2- chloro-4H-furo[3,2-b]pyrro!e-5-carboxylic acid [(1 S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1 -yl)-(2R)-hydroxy- 

3- oxo-propyl]-amide; 

1-{(2S)-[(2<;hIoro-6H-thieno[2,3-b3pyrro^^ acid; 
3-chloro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyi-2-((3R t 4S)-dihydroxypyrrolidin-1-yl)-2-oxo-ethyl]- 
amide; 

3-chloro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

3-bromo-4H-thieno[3,2-b]pyrrole-5-carboxyiic acid [(1S)-benzyt-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2HDxo-ethyl]- 



8 
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amide; 

3-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propy!]-amide; 

2-chloro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-y!H2R)-hy- 
droxy-3-oxo-propyl]-amide; 

2- ch!oro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1 -yl)-2-oxo-ethyl]- 
amide; 

3- methyl-4H-thieno[3,2-b]pyrroie-5-carboxytic acid [(1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1 -yl)-2-oxo- 
ethyl]-amide; 

3-methyl-4H-thieno[3 f 2-b]pyrrole-5-carboxylic acid t(1S)-benzyl-3-((3R,4S)-dihydroxypyrro!idin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

2-cyano-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2-oxo-ethyI]- 
amide; 

2- cyano-4H-furo[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R f 4S)-dihydroxypyrrolidin-1-yl)-(2R)-hydroxy- 

3- oxo-propyl]-amide; 

3-bromo-4H-furo[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2-oxo-ethyl]- 
amide; 

3-bromo-4H-furo[3,2-b]pyrro!e-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hydroxy- 
3-oxo-propyI]-amide; 

4H-1,7-dithia-4-aza-cyclopenta[a]pentaIene-5-caifcoxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxy-pyrroiidin-1-yl) 
-(2R)-hydroxy-3-oxo-propyl]-amide; 

4H-1,7-dithia-4-aza-cyclopenta[a]pentalene-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 
2-oxo-ethyl]-amide; 

2-chIoro-3-methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 
2-oxo-ethyl]-amide; 

2-chloro-3-methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid f(1S)-benzyl-3-((3R,4S)-dihydroxy-pyrrolidin-1-yl) 
-(2R)-hydroxy-3-oxo-propyl]-amide; 

2-methylsulfanyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxy-pyrroiidin-1-yl)- 
2-oxo-ethyl]-amide; 

2-Bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-(3-hydroxy-azetidin-1-yl)-2-oxo-ethyl]-amide; 
2-Bromo-4H-thieno[3 f 2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-(1,1-dioxo-1-thiazolidin-3-yl)-2-oxo-ethy!]- 
amide; 

2-Bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-morpholin-4-yl-2-oxo-ethyl]-amide; 
2-bromo-4H-thieno[3,2-b]pyrro!e-5-carboxylic acid [(1S)-benzyl-2-((3S,4S)-dihydroxypyrrolidin-1-yl)-2-oxo-ethyl]- 
amide; 

2-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [( 1 S)-benzyl-2-((3R,4R)-dihydroxy-pyrrolidin-1 -yl)-2-oxo- 
ethyl]-amide; and 

2-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-(4-hydroxypiperidin-1-yl)-2-oxo-ethyl]-amide, 
and stereoisomers or pharmaceutical^ acceptable salts thereof. 

[0030] Also provided are kits for the treatment of diabetes, insulin resistance, diabetic neuropathy, diabetic nephrop- 
athy, diabetic retinopathy, or cataracts in a patient having diabetes, insulin resistance, diabetic neuropathy, diabetic 
nephropathy, diabetic retinopathy, or cataracts, the kits comprising: 

a) a first pharmaceutical composition comprising a compound of Formula I, stereoisomers or pharmaceutical^ 
acceptable salts; 

b) a second pharmaceutical composition comprising a second compound useful for the treatment of diabetes, 
insulin resistance, diabetic neuropathy, diabetic nephropathy, diabetic retinopathy, or cataracts; and 

c) a container for containing the first and second compositions. 

[0031] In a preferred embodiment of the kits, the second compound is selected from: 
insulin and insulin analogs; 

GLP-1 (7-37) (insulinotropin) and GLP-1 (7-36)-NH 2 ; 

sulfonylureas and analogs; 

biguanides; 

a2-antagonists; 

imidazolines; 
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glitazones (thiazolidenediones); 
PPAR-gamma agonists; 
fatty acid oxidation inhibitors; 
a-glucosidase inhibitors; 
P-agonists; 

phosphodiesterase Inhibitors; 
lipid-lowering agents: 

antiobesity agents 

vanadate, vanadium complexes and peroxovanadium complexes; 

amylin antagonists; 

glucagon antagonists; 

gluconeogenesis inhibitors; 

somatostatin analogs and antagonists; and 

anti lipolytic agents. 

[0032] In another preferred embodiment of the kits, the second compound is selected from LysPro insulin, GLP-1 
(7-37) (insulinotropin), GLP-1 (7-36)-NH 2 , chlorpropamide, glibenclamide, tolbutamide, tolazamide, acetohexamide, 
glypizide, glimepiride, repaglinide, meglitinide; metformin, phenformin, buformin, midaglizole, isaglidole, deriglidole, 
idazoxan, efaroxan, fluparoxan, linogliride, ciglitazone, pioglitazone, englitazone, troglitazone, darglitazone, rosiglita- 
zone, clomoxir, etomoxir, acarbose, miglitol, emiglitate, voglibose, benfluorex, fenfluramine, NAGLIVAN R , acipimox, 
SYMLIN R , nateglinide, camiglibose (MDL73945), (3-D-glucopyranoside, [(2R, 3S, 4S, 5R, 6R)-3,4,5-trihydroxy-6-(hy- 
droxymethyl)-2-piperidinyl]methyl (MDL25637), synthetic exendin-4 a polypeptide containing 39 amino acids 
(AC2993), [4-[(2R)-2-[[(2R)-2-(3-chlorophenyl)-2-hydroxyethyl]amino]propyl]phenxoy]-acetic acid (BRL 37344), [4-[- 
2-[[2-(3-chlorophenyl)-2-hydroxyethyt]amino]propyl]phenxoy]- methylacetate (BRL 35135), 4-[(3R)-3-[bis[(2R)-2-hy- 
droxy-2-phenyiethyl]amino]butyl]-benzamide (Ro 1 6-871 4), N-cyclohexyl-2'-0-methyl-adensoine (WAG 994), 
2-[4-[2-[[(2S)-2-hydroxy-3-phenoxypropyl]amino]ethoxy]phenoxy]-N-(2-mothoxyethyl)-acetamide (ICI-D 7114), 
5-[2-[[2-(3-chlorophenyl)-2-hydroxyethyl]amino]propyl]-1,3-benzodioxole-2,2-dicarboxylic acid disodium salt (CL 
316243) and (1S,2R)-9-(2-Fluoro-1-methylpropyl)-2-methoxy-6-(1-piperazinyl)purine hydrochloride (L-686,398). 
[0033] In still another preferred embodiment of the kits, the second compound is selected from insulin, sulfonylureas, 
biguanides, and thiazolidinediones. 

[0034] Also provided are kits for the treatment of diabetes, insulin resistance, diabetic neuropathy, diabetic nephrop- 
athy, diabetic retinopathy, cataracts, hyperglycemia, hypercholesterolemia, hypertension, hyperinsulinemia, hyperlip- 
idemia, atherosclerosis, or tissue ischemia in a patient having diabetes, insulin resistance, diabetic neuropathy, diabetic 
nephropathy, diabetic retinopathy, cataracts, hyperglycemia, hypercholesterolemia, hypertension, hyperinsulinemia, 
hyperlipidemia, atherosclerosis, or tissue ischemia, the kits comprising: 

a) a first pharmaceutical composition comprising a compound of Formula I, stereoisomers or pharmaceutical^ 
acceptable salts; 

b) a second pharmaceutical composition comprising a second compound useful for the treatment of diabetes, 
insulin resistance, diabetic neuropathy, diabetic nephropathy, diabetic retinopathy, cataracts, hyperglycemia, hy- 
percholesterolemia, hypertension, hyperinsulinemia, hyperlipidemia, atherosclerosis, or tissue ischemia; and 

c) a container for containing the first and second compositions. 

[0035] Also provided are uses of a compound of Formula I, stereoisomers, or pharmaceutical^ acceptable salts in 
combination with at least one additional compound useful for the treatment of diabetes, insulin resistance, diabetic 
neuropathy, diabetic nephropathy, diabetic retinopathy, cataracts, hyperglycemia, hypercholesterolemia, hypertension, 
hyperinsulinemia, hyperlipidemia, atherosclerosis, or tissue ischemia, in the manufacture of a medicament for treating 
diabetes, insulin resistance, diabetic neuropathy, diabetic nephropathy, diabetic retinopathy, cataracts, hyperglycemia, 
hypercholesterolemia, hypertension, hyperinsulinemia, hyperlipidemia, atherosclerosis, or tissue ischemia. 
[0036] Also provided are pharmaceutical compositions comprising a compound of Formula I, stereoisomers or phar- 
maceutically acceptable salts and at least one additional compound useful to treat diabetes, insulin resistance, diabetic 
neuropathy, diabetic nephropathy, diabetic retinopathy, cataracts, hyperglycemia, hypercholesterolemia, hypertension, 
hyperinsulinemia, hyperlipidemia, atherosclerosis, or tissue ischemia. 
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Detailed Description of the Invention 

[0037] The present invention relates to compounds of Formula I, stereoisomers of compounds of Formula I and 
pharmaceutically acceptable salts of compounds of Formula I. The invention also relates to methods of treatment of 
diabetes, insulin resistance, diabetic neuropathy, diabetic nephropathy, diabetic retinopathy, cataracts, hyperglycemia, 
hypercholesterolemia, hypertension, hyperinsulinemia, hyperlipidemia, atherosclerosis, and tissue ischemia, particu- 
larly myocardial ischemia, and to pharmaceutically acceptable compositions comprising a compound of Formula I, 
stereoisomers of compounds of Formula I, pharmaceutically acceptable salts of compounds of Formula I, prodrugs of 
compounds of Formula I, and pharmaceutically acceptable salts of the prodrugs of compounds of Formula I. 
[0038] Certain terms that are used in this application are defined below. 

[0039] The term "alkyl" means a straight or branched chain hydrocarbon. Representative examples of alkyl groups 
include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, terf-butyl, sec-butyl, pentyl, and hexyl. Preferred alkyl groups 
areC r C 8 alkyl. 

[0040] The term "alkoxy" means an alkyl group bonded to an oxygen atom. Representative examples of alkoxy 
groups include methoxy, ethoxy, terf-butoxy, propoxy, and isobutoxy. Preferred alkoxy groups are C r C 8 alkoxy. 
[0041] The term "halogen" means chlorine, fluorine, bromine or iodine. 

[0042] The term "alkenyl" means a branched or straight chain hydrocarbon having one or more carbon-carbon double 
bonds. 

[0043] The term "alkynyl" means a branched or straight chain hydrocarbon having one or more carbon-carbon triple 
bonds. 

[0044] The term "cycloalkyl" means a cyclic, hydrocarbon. Examples of cycloalkyl groups include cyclopropyl, cy- 
clobutyl, cyclopentyl, cyclohexyl and cycloheptyl. Preferred cycloalkyl groups are C 3 -C 8 cyloalkyl. It is also possible for 
the cycloalkyl group to have one or more double bonds, but is not aromatic. Examples of cycloalkyl groups having 
double bonds include cyclopentenyl, cyclohexenyl, cyclohexadienyl, cyclobutadienyl, and the like. 
[0045] The term "perfluoroalkyl" means an alkyl group in which all of the hydrogen atoms have been replaced with 
fluorine atoms. 

[0046] The term "acyl" means a group derived from an organic acid (-COOH) by removal of the hydroxy group (-OH). 
[0047] The term "aryi" means a cyclic, aromatic hydrocarbon. Examples of aryl groups include phenyl and naphthyl. 
[0048] The term "heteroatom" includes oxygen, nitrogen, sulfur, and phosphorous. 

[0049] The term "heteroaryl" means a cyclic, aromatic hydrocarbon in which one or more carbon atoms have been 
replaced with a heteroatom. If the heteroaryl group contains more than one heteroatom, the heteroatoms may be the 
same or different. Examples of heteroaryl groups include pyridyl, pyrimidinyl, imidazolyl, thienyl, furyl, pyrazinyl, pyrrolyl, 
pyranyl, isobenzofuranyl, chromenyl, xanthenyl, indolyl, isoindolyl, indolizinyl, triazolyl, pyridazinyl, indazolyl, purinyl, 
quinolizinyl, isoquinolyl, quinolyl, phthalazinyl, naphthyridinyl, quinoxalinyl, isothiazolyl, and benzo[b]thienyl. Preferred 
heteroaryl groups are five or six membered rings and contain from one to three heteroatoms. 
[0050] The term "heterocycloalkyl" means a cycloalkyl group in which one or more of the carbon atoms has been 
replaced with a heteroatom. If the heterocycloalkyl group contains more than one heteroatom, the heteroatoms may 
be the same or different. Examples of heterocycloalkyl groups include tetrahydrofuryl, morpholinyl, piperazinyl, piper- 
adyl, and pyrrolidinyl. Preferred heterocycloalkyl groups are five or six membered rings and contain from one to three 
heteroatoms. It is also possible for the heterocycloalkyl group to have one or more double bonds, but is not aromatic. 
Examples of heterocycloalkyl groups containing double bonds include dihydrofuran, and the like. 
[0051] It is also noted that the cyclic ring groups, i.e., aryl, heteroaryl, cycloalkyl, heterocycloalkyl, can comprise 
more than one ring. For example, the naphthyl group is a fused bicyclic ring system. It is also intended that the present 
invention include ring groups that have bridging atoms, or ring groups that have a spiro orientation. 
[0052] Representative examples of five to six membered aromatic rings, optionally having one or two heteroatoms, 
are phenyl, furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, pyridinyl, pyridiazinyl, 
pyrimidinyl, and pyrazinyl. 

[0053] Representative examples of partially saturated, fully saturated or fully unsaturated five to eight membered 
rings, optionally having one to three heteroatoms, are cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl and phenyl. Fur- 
ther exemplary five membered rings are furyl, thienyl, pyrrolyl, 2-pyrrolinyl, 3-pyrrolinyl, pyrrolidinyl, 1 ,3-dioxoianyl, 
oxazolyl, thiazolyl, imidazolyl, 2H-imidazolyl, 2-imidazolinyl, imidazolidinyl, pyrazolyl, 2-pyrazolinyl, pyrazolidinyl, iso- 
xazolyl, isothiazolyl, 1 ,2-dithiolyl, 1,3-dithiolyl, 3H-1 ,2-oxathiolyl, 1,2,3-oxadizaolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadia- 
zolyl, 1,3,4-oxadiazolyl, 1,2,4-trizaolyl, 1 ,2,4-trizaolyl, 1,3,4-thiadiazolyl, 3H-1,2,3-dioxazolyl, 1 ,2,4-dioxazolyl, 1,3,2-di- 
oxazolyl, 1 ,3,4-dioxazolyl, 5H-1 ,2,5-oxathiazolyl ,and 1 ,3-oxathiolyl. 

[0054] Further exemplary six membered rings are 2H-pyranyl, 4H-pyranyl, pyridinyl, piperidinyl, 1 ,2-dioxinyl, 1 ,3-di- 
oxinyl, 1,4-dioxanyl, morpholinyl, 1,4-dithianyl,thiomorpholinyl, pyridazinyl, pyrimidinyl, pyrazinyl, piperazinyl, 1,3,5-tri- 
azinyl, 1 ,2,4-triazinyl, 1 ,2,3-triazinyl, 1 ,3,5-trithianyl, 4H-1,2-oxazinyl, 2H-1,3-oxazinyl, 6H-1,3-oxazinyl, 6H-1,2-oxazi- 
nyl, 1,4-oxazinyl, 2H-1,2-oxazinyl, 4H-1,4-oxazinyl, 1 ,2,5-oxathiazinyl, 1,4-oxazinyl, o-isoxazinyl, p-isoxazinyl, 
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1,2,5-oxathiazinyl, 1 ,2,6-oxathiazinyl, and 1 ,4,2-oxadiazinyl. 

[0055] Further exemplary seven membered rings are azepinyl, oxepinyl, thiepinyl and 1 ,2,4-triazepinyl. 

[0056] Further exemplary eight membered rings are cyclooctyl, cyclooctenyl and cyclooctadienyl. 

[0057] Exemplary bicyclic rings consisting of two fused partially saturated, fully saturated or fully unsaturated five 

5 and/or six membered rings, taken independently, optionally having one to four heteroatoms are indolizinyl, indolyl, 
isoindolyl, indolinyl, cyclopenta(b)pyridinyl, pyrano(3,4-b)pyrrolyl, benzofuryl, isobenzofuryl, benzo(b)thienyl, benzo(c) 
thienyl, 1 H-indazolyl, indoxazinyl, benzoxazolyl, anthranilyl, benzimidazolyl, benzthiazolyl, purinyl, quinolinyl, isoquin- 
olinyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, 1 ,8-naphthyridinyl, pteridinyl, indenyl, isoindenyl, naphthyl, 
tetralinyl, decalinyl, 2H-1-benzopyranyl, pyrido(3,4-b)-pyridinyl, pyrido(3,2-b)-pyridinyl, pyrido(4,3-b)-pyridinyl, 2H- 

10 1,3-benzoxazinyl, 2H-1,4-benzoxazinyl, 1H-2 f 3-benzoxazinyl, 4H-3,1-benzoxazinyl, 2H-1,2-benzoxazinyl and 4H- 
1 ,4-benzoxazinyl. 

[0058] A cyclic ring group may be bonded to another group in more than one way. If no particular bonding arrangement 

is specified, then all possible arrangements are intended. For example, the term "pyridyl" includes 2- f 3-, or 4-pyridyl, 

and the term "thienyl 0 includes 2-, or 3-thienyl. 
15 [0059] The term "substituted" means that a hydrogen atom on an organic molecule has been replaced with a different 

atom or with a molecule. The atom or molecule replacing the hydrogen atom is called a substituent. Examples of 

suitable substituents include, halogens, -OC r C 8 alkyl, -C r C 8 alkyI, -CF 3 , -NH 2 , -NHC r C 8 alkyl, -N(C r C 8 alkyl) 2 , -N0 2 , 

-CN, -C0 2 H, -C0 2 C r C 8 alkyl, and the like. 

[0060] The symbol "-" represents a covalent bond. 
20 [0061] The term "therapeutically effective amount" means an amount of a compound that ameliorates, attenuates, 

or eliminates one or more symptom of a particular disease or condition or prevents or delays the onset of one of more 

symptom of a particular disease or condition. 

[0062] The term "patient" means animals, such as dogs, cats, cows, horses, sheep, and humans. Particularly pre- 
ferred patients are mammals. The term patient includes males and females. 
25 [0063] The term "pharmaceutical^ acceptable" means that the carrier, diluent, excipients, and/or salt must be com- 
patible with the other ingredients of the formulation, and not deleterious to the patient. 

[0064] The phrases "a compound of the present invention, compounds of the present invention, a compound of 
Formula I, or a compound in accordance with Formula I" and the like, includes the stereoisomers of the compound(s), 
pharmaceutical^ acceptable salts of the compound(s), prodrugs of the compound(s), and pharmaceutical ly acceptable 
30 salts of the prodrugs. 

[0065] The terms "reaction-inert solvent" or "inert solvent" refer to a solvent or mixture of solvents that does not 
interact with starting materials, reagents, intermediates or products in a manner that adversely affects the desired 
product. 

[0066] The terms "treating", "treat" or "treatment" include preventative (e.g., prophylactic) and palliative treatment. 

35 [0067] The term "glycogen phosphorylase inhibitor " refers to any substance or agent or any combination of sub- 
stances and/or agents that reduces, retards, or eliminates the enzymatic action of glycogen phosphorylase. The cur- 
rently known enzymatic action of glycogen phosphorylase is the degradation of glycogen by catalysis of the reversible 
reaction of a glycogen macromolecule and inorganic phosphate to glucose- 1 -phosphate and a glycogen macromole- 
cule which is one glucosyl residue shorter than the original glycogen macromolecule (forward direction of glycogenol- 

40 ysis). 

[0068] A patient in need of glycogen phosphorylase inhibition is a patient having a disease or condition in which 
glycogen phosphorylase plays a role in the disease of condition. Examples of patients in need of glycogen phoshpho- 
rylase inhibition include patients having diabetes (including Type I and Type II, impaired glucose tolerance, insulin 
resistance, and the diabetic complications, such a nephropathy, retinopathy, neuropathy and cataracts), hyperglycemia, 

45 hypercholesterolemia, hypertension, hyperinsulinemia, hyperlipidemia, atherosclerosis and tissue ischemia. 

[0069] The characteristics of patients at risk of having atherosclerosis are well known to those skilled in the art and 
include, patients who have a family history of cardiovascular disease, including hypertension and atherosclerosis, 
obese patients, patient who exercise infrequently, patients with hypercholesterolemia, patients having high levels of 
low density lipoprotein (LDL), patients having low levels of high density lipoprotein (HDL), and the like. 

so [0070] Patients at risk of having myocardial ischemia and other tissue ischemias are also well known to those skilled 
in the art and include patients undergoing or having undergone surgery, trauma or great stress. 
[0071] The compounds of the present invention are administered to a patient in a therapeutically effective amount. 
The compounds can be administered alone or as part of a pharmaceutical^ acceptable composition or formulation. In 
addition, the compounds or compositions can be administered all at once, as for example, by a bolus injection, multiple 

55 times, such as by a series of tablets, or delivered substantially uniformly over a period of time, as for example, using 
transdermal delivery. It is also noted that the dose of the compound can be varied over time. 
[0072] In addition, the compounds of the present invention can be administered alone, in combination with other 
compounds of the present invention, or with other pharmaceutical^ active compounds. The other pharmaceutical^ 
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active compounds can be intended to treat the same disease or condition as the compounds of the present invention 
or a different disease or condition. If the patient is to receive or is receiving multiple pharmaceutically active compounds, 
the compounds can be administered simultaneously, or sequentially. For example, in the case of tablets, the active 
compounds may be found in one tablet or in separate tablets, which can be administered at once or sequentially in 
any order. In addition, it should be recognized that the compositions may be different forms. For example, one or more 
compound may be delivered via a tablet, while another is administered via injection or orally as a syrup. All combina- 
tions, delivery methods and administration sequences are contemplated. 

[0073] Since one aspect of the present invention contemplates the treatment of the disease/conditions with a com- 
bination of pharmaceutically active agents that may be administered separately, the invention further relates to com- 
bining separate pharmaceutical compositions in kit form. The kit comprises two separate pharmaceutical compositions: 
a compound of the present invention, and a second pharmaceutical compound. The kit comprises a container for 
containing the separate compositions such as a divided bottle or a divided foil packet. Additional examples of containers 
include syringes, boxes, bags, and the like. Typically, the kit comprises directions for the administration of the separate 
components. The kit form is particularly advantageous when the separate components are preferably administered in 
different dosage forms (e.g., oral and parenteral), are administered at different dosage intervals, or when titration of 
the individual components of the combination is desired by the prescribing physician. 

[0074] An example of such a kit is a so-called blister pack. Blister packs are well known in the packaging industry 
and are being widely used for the packaging of pharmaceutical unit dosage forms (tablets, capsules, and the like). 
Blister packs generally consist of a sheet of relatively stiff material covered with a foil of a preferably transparent plastic 
material. During the packaging process recesses are formed in the plastic foil. The recesses have the size and shape 
of the tablets or capsules to be packed. Next, the tablets or capsules are placed in the recesses and the sheet of 
relatively stiff material is sealed against the plastic foil at the face of the foil which is opposite from the direction in which 
the recesses were formed. As a result, the tablets or capsules are sealed in the recesses between the plastic foil and 
the sheet. Preferably the strength of the sheet is such that the tablets or capsules can be removed from the blister 
pack by manually applying pressure on the recesses whereby an opening is formed in the sheet at the place of the 
recess. The tablet or capsule can then be removed via said opening. 

[0075] It may be desirable to provide a memory aid on the kit, e.g., in the form of numbers next to the tablets or 
capsules whereby the numbers correspond with the days of the regimen which the tablets or capsules so specified 
should be ingested. Another example of such a memory aid is a calendar printed on the card, e.g., as follows "First 
Week, Monday, Tuesday, ...etc.... Second Week, Monday, Tuesday,..." etc. Other variations of memory aids will be 
readily apparent. A "daily dose" can be a single tablet or capsule or several pills or capsules to be taken on a given 
day. Also, a daily dose of a compound of the present invention can consist of one tablet or capsule, while a daily dose 
of the second compound can consist of several tablets or capsules and vice versa. The memory aid should reflect this 
and aid in correct administration of the active agents. 

[0076] In another specific embodiment of the invention, a dispenser designed to dispense the daily doses one at a 
time in the order of their intended use is provided. Preferably, the dispenser is equipped with a memory-aid, so as to 
further facilitate compliance with the regimen. An example of such a memory-aid is a mechanical counter which indi- 
cates the number of daily doses that has been dispensed. Another example of such a memory-aid is a battery-powered 
micro-chip memory coupled with a liquid crystal readout, or audible reminder signal which, for example, reads out the 
date that the last daily dose has been taken and/or reminds one when the next dose is to be taken. 
[0077] The compounds of the present invention and other pharmaceutically active agents, if desired, can be admin- 
istered to a patient either orally, rectally, parenterally, (for example, intravenously, intramuscularly, or subcutaneously) 
intracisternally, intravaginally, intraperitoneally, intravesical ly, locally (for example, powders, ointments or drops), or as 
a buccal or nasal spray. 

[0078] Compositions suitable for parenteral injection may comprise physiologically acceptable sterile aqueous or 
nonaqueous solutions, dispersions, suspensions, or emulsions, and sterile powders for reconstitution into sterile in- 
jectable solutions or dispersions. Examples of suitable aqueous and nonaqueous carriers, diluents, solvents, or vehi- 
cles include water, ethanol, polyols (propylene glycol, polyethylene glycol, glycerol, and the like), suitable mixtures 
thereof, vegetable oils (such as olive oil) and injectable organic esters such as ethyl oleate. Proper fluidity can be 
maintained, for example, by the use of a coating such as lecithin, by the maintenance of the required particle size in 
the case of dispersions, and by the use of surfactants. 

[0079] These compositions may also contain adjuvants such as preserving, wetting, emulsifying, and dispersing 
agents. Microorganism contamination can be prevented by adding various antibacterial and antifungal agents, for 
example, parabens, chlorobutanol, phenol, sorbic acid, and the like. It may also be desirable to include isotonic agents, 
for example, sugars, sodium chloride, and the like. Prolonged absorption of injectable pharmaceutical compositions 
can be brought about by the use of agents delaying absorption, for example, aluminum monostearate and gelatin. 
[0080] Solid dosage forms for oral administration include capsules, tablets,, powders, and granules. In such solid 
dosage forms, the active compound is admixed with at least one inert customary excipient (or carrier) such as sodium 
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citrate or dicalclum phosphate or (a) fillers or extenders, as for example, starches, lactose, sucrose, mannitol, and 
silicic acid; (b) binders, as for example, carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidone, sucrose, and 
acacia; (c) humectants, as for example, glycerol; (d) disintegrating agents, as for example, agar-agar, calcium carbon- 
ate, potato or tapioca starch, alginic acid, certain complex silicates, and sodium carbonate; (e) solution retarders, as 

5 for example, paraffin; (f) absorption accelerators, as for example, quaternary ammonium compounds; (g) wetting 
agents, as for example, cetyl alcohol and glycerol monostearate; (h) adsorbents, as for example, kaolin and bentonite; 
and (i) lubricants, as for example, talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl 
sulfate, or mixtures thereof. In the case of capsules, and tablets, the dosage forms may also comprise buffering agents. 
[0081] Solid compositions of a similar type may also be used as fillers in soft and hard filled gelatin capsules using 

io such excipients as lactose or milk sugar, as well as high molecular weight polyethylene glycols. 

[0082] Solid dosage forms such as tablets, dragees, capsules, pills, and granules can be prepared with coatings and 
shells, such as enteric coatings and others well known in the art. They may also contain opacifying agents, and can 
also be of such composition that they release the active compound or compounds in a certain part of the intestinal 
tract in a delayed manner. Examples of embedding compositions that can be used are polymeric substances and 

15 waxes. The active compounds can also be in micro-encapsulated form, if appropriate, with one or more of the above- 
mentioned excipients. 

[0083] Liquid dosage forms for oral administration include pharmaceuticaHy acceptable emulsions, solutions, sus- 
pensions, syrups, and elixirs. In addition to the active compounds, the liquid dosage form may contain inert diluents 
commonly used in the art, such as water or other solvents, solubilizing agents and emulsifiers, as for example, ethyl 
20 alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1 ,3-buty- 
lene glycol, dimethylformamide, oils, in particular, cottonseed oil, groundnut oil, corn germ oil, olive oil, castor oil, and 
sesame seed oil, glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, or mixtures 
of these substances. 

[0084] Besides such inert diluents, the composition can also include adjuvants, such as wetting agents, emulsifying 
25 and suspending agents, sweetening, flavoring, and perfuming agents. 

[0085] Suspensions, in addition to the active compound, may contain suspending agents, as for example, ethoxylated 
isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar, and tragacanth, or mixtures of these substances. 

[0086] Compositions for rectal administration are preferable suppositories, which can be prepared by mixing the 
30 compounds of the present invention with suitable non-irritating excipients or carriers such as cocoa butter, polyethylene 
glycol or a suppository wax, which are solid at ordinary room temperature, but liquid at body temperature, and therefore, 
melt in the rectum or vaginal cavity and release the active component. 

[0087] Dosage forms for topical administration of a compound of the present invention include ointments, powders, 
sprays and inhalants. The active compound or compounds are admixed under sterile condition with a physiologically 

35 acceptable carrier, and any preservatives, buffers, or propeilants that may be required. Opthalmic formulations, eye 
ointments, powders, and solutions are also contemplated as being within the scope of this invention. 
[0088] The compounds of the present invention can be administered to a patient at dosage levels in the range of 
about 0.1 to about 3,000 mg per day. For a normal adult human having a body weight of about 70 kg, a dosage in the 
range of about 0.01 to about 100 mg per kilogram body weight is typically sufficient. The specific dosage and dosage 

40 range that can be used depends on a number of factors, including the requirements of the patient, the severity of the 
condition or disease being treated, and the pharmacological activity of the compound being administered. The deter- 
mination of dosage ranges and optimal dosages for a particular patient is well within the ordinary skill in the art. 
[0089] The following paragraphs describe exemplary formulations, dosages etc. useful for non-human animals. The 
administration of a compound of the present invention can be effected orally or non-orally, for example by injection. 

45 An amount of a compound of the present invention is administered such that an effective dose is received, generally 
a daily dose which, when administered orally to an animal is usually between 0.01 and 100 mg/kg of body weight, 
preferably between 0. 1 and 50 mg/kg of body weight. Conveniently, the medication can be carried in the drinking water 
so that a therapeutic dosage of the agent is ingested with the daily water supply. The agent can be directly metered 
into drinking water, preferably in the form of a liquid, water-soluble concentrate (such as an aqueous solution of a water 

50 soluble salt). Conveniently, the active ingredient can also be added directly to the feed, as such, or in the form of an 
animal feed supplement, also referred to as a premix or concentrate. A premix or concentrate of therapeutic agent in 
a carrier is more commonly employed for the inclusion of the agent in the feed. Suitable carriers are liquid or solid, as 
desired, such as water, various meals such as alfalfa meal, soybean meal, cottonseed oil meal, linseed oil meal, corncob 
meal and corn meal, molasses, urea, bone meal, and mineral mixes such as are commonly employed in poultry feeds. 

55 A particularly effective carrier is the respective animal feed itself; that is, a small portion of such feed. The carrier 
facilitates uniform distribution of the active materials in the finished feed with which the premix is blended. It is important 
that the compound be thoroughly blended into the premix and, subsequently, the feed. In this respect, the agent may 
be dispersed or dissolved in a suitable oily vehicle such as soybean oil, corn oil, cottonseed oil, and the like, or in a 
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volatile organic solvent and then blended with the carrier. It will be appreciated that the proportions of active material 
in the concentrate are capable of wide variation since the amount of agent in the finished feed may be adjusted by 
blending the appropriate proportion of premix with the feed to obtain a desired level of therapeutic agent. 
[0090] High potency concentrates may be blended by the feed manufacturer with proteinaceous carrier such as 
soybean oil meal and other meals, as described above, to produce concentrated supplements which are suitable for 
direct feeding to animals. In such instances, the animals are permitted to consume the usual diet. Alternatively, such 
concentrated supplements may be added directly to the feed to produce a nutritionally balanced, finished feed con- 
taining a therapeutically effective level of a compound according to the invention. The mixtures are thoroughly blended 
by standard procedures, such as in a twin shell blender, to ensure homogeneity. 

[0091] If the supplement is used as a top dressing for the feed, it likewise helps to ensure uniformity of distribution 
of the active material across the top of the dressed feed. 

[0092] Drinking water and feed effective for increasing lean meat deposition and for improving lean meat to fat ratio 
are generally prepared by mixing a compound of the invention with a sufficient amount of animal feed to provide from 
about 10- 3 to about 500 ppm of the compound in the feed or water. 

[0093] The preferred medicated swine, cattle, sheep and goat feed generally contain from about 1 to about 400 
grams of active ingredient per ton of feed, the optimum amount for these animals usually being about 50 to about 300 
grams per ton of feed. 

[0094] The preferred poultry and domestic pet feeds usually contain about 1 to about 400 grams and preferably 
about 1 0 to about 400 grams of active ingredient per ton of feed. 

[0095] For parenteral administration in animals, the compounds of the present invention may be prepared in the form 
of a paste or a pellet and administered as an implant, usually under the skin of the head or ear of the animal. 
[0096] In general, parenteral administration involves injection of a sufficient amount of a compound of the present 
invention to provide the animal with about 0.01 to about 100 mg/kg/day of body weight of the active ingredient. The 
preferred dosage for poultry, swine, cattle, sheep, goats and domestic pets is in the range of from about 0.1 to about 
50 mg/kg/day. 

[0097] Paste formulations can be prepared by dispersing the active compound in a pharmaceutical acceptable oil 
such as peanut oil, sesame oil, corn oil. 

[0098] Pellets containing an effective amount of a compound of the present invention can be prepared by admixing 
a compound of the present invention with a diluent such as carbowax, carnuba wax and a lubricant, such as magnesium 
or calcium stearate, can be added to improve the pelleting process. 

[0099] It is, of course, recognized that more than one pellet may be administered to an animal to achieve the desired 
dose level. Moreover, it has been found that implants may also be made periodically during the animal treatment period 
in order to maintain the proper active agent in the level animal's body. 

[0100] The term pharmaceutical^ acceptable salts, esters, amides, or prodrugs means the carboxylate salts, amino 
acid addition salts, esters, amides, and prodrugs of the compounds of the present invention that are, within the scope 
of sound medical judgment, suitable for use with patients without undue toxicity, irritation, allergic response, and the 
like, commensurate with a reasonable benefit/risk ratio, and effective for their intended use, as well as the zwitterionic 
forms, where possible, of the compounds of the present invention. 

[0101] The term "salts" refers to inorganic and organic salts of compounds of the present invention. The salts can 
be prepared in situ during the final isolation and purification of a compound, or by separately reacting a purified com- 
pound in its free base form with a suitable organic or inorganic acid and isolating the salt thus formed. Representative 
salts include the hydrobromide, hydrochloride, sulfate, bisulfate, nitrate, acetate, oxalate, palmitiate, stearate, laurate, 
borate, benzoate, lactate, phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, naphthylate, mesylate! 
glucoheptonate, lactobionate, and laurylsulphonate salts, and the like. The salts may include cations based on the 
alkali and alkaline earth metals, such as sodium, lithium, potassium, calcium, magnesium, and the like, as well as non- 
toxic ammonium, quaternary ammonium, and amine cations including, but not limited to, ammonium, tetramethylam- 
monium, tetraethylammonium, methylamine, dimethylamine, trimethylamine, triethylamine, ethylamine. See, for ex- 
ample, S.M. Berge, et a/., "Pharmaceutical Salts," J Pharm Sci, 66: 1-19 (1977). 

[0102] Examples of pharmaceutical^ acceptable, non-toxic esters of the compounds of the present invention, if 
applicable, include C r C 8 alkyl esters. Acceptable esters also include Cg-CTcycloalkyl esters, as well as aryialkyl esters 
such as benzyl. C r C 4 alkyl esters are preferred. Esters of compounds of the present invention may be prepared 
according to methods that are well known in the art. 

[01 03] Examples of pharmaceutical^ acceptable non-toxic amides of the compounds of the present invention include 
amides derived from ammonia, primary C r C 8 alkyl amines, and secondary C r C 8 dialkyl amines. In the case of sec- 
ondary amines, the amine may also be in the form of a 5 or 6 membered heterocycloalkyl group containing at least 
one nitrogen atom. Amides derived from ammonia, C r C 3 primary alkyl amines, and C r C 2 dialkyl secondary amines 
are preferred. Amides of the compounds of the present invention may be prepared according to methods well known 
to those skilled in the art. 
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[0104] The term "prodrug" means compounds that are transformed in vivo to yield a compound of Formula I. The 
transformation may occur by various mechanisms, such as through hydrolysis in blood. A discussion of the use of 
prodrugs is provided by T. Higuchi and W. Stella, "Pro-drugs as Novel Delivery Systems," Vol. 14 of the A.C.S. Sym- 
posium Series, and in Bioreversible Carriers in Drug Design, ed. Edward B. Roche, American Pharmaceutical Asso- 
ciation and Pergamon Press, 1987. 

[0105] For example, if the compound of the invention contains a carboxylic acid functional group, a prodrug can 
comprise an ester formed by the replacement of the hydrogen atom of the acid group with a group such as (C r C 8 ) 
alkyl, (C 2 -C 12 )a!kanoyloxymethyl, 1-(alkanoyloxy)ethyl having from 4 to 9 carbon atoms, 1 -methyl- l-(alkanoyloxy)- 
ethyl having from 5 to 10 carbon atoms, alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 1-(alkoxycarbony- 
loxy)ethyl having from 4 to 7 carbon atoms, 1- methyl- 1-(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon atoms, 
N-(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms, 1-(N-(alkoxycarbonyl)amino)ethyl having from 4 to 
10 carbon atoms, 3-phthalidyl, 4-crotonolactonyl, gamma-butyrolacton-4-yl, di-N f N-(C r C 2 )alkylamino(C 2 -C3)alkyl 
(such as p-dimethylaminoethyl), carbamoyl-(C r C 2 )alkyl, N l N-di(C r C 2 )alkylcarbamoyl-(C 1 -C 2 )alkyl and piperidino-, 
pyrrolidino- or morpholino(C 2 -C 3 )alkyl. 

[0106] Similarly, if the compound of the present invention comprises an alcohol functional group, a prodrug can be 
formed by the replacement of the hydrogen atom of the alcohol group with a group such as (C r C 6 )alkanoyloxymethyl, 
1-((C 1 -C 6 )alkanoyloxy)ethylJ-methyl-1-((C r C 6 )alkanoyloxy)ethyl ) (C r C 6 )alkoxyca 

ycarbonylaminomethyl, succinoyl, (C r C 6 )alkanoyl, a-amino(C r C 4 )alkanoyl, arylacyl and a-aminoacyl, or a-aminoa- 
cyl-a-aminoacyl, where each a-aminoacyl group is independently selected from the naturally occurring L-amino acids, 
P(0)(OH) 2 , -P(0)(0(C r C 6 )alkyl) 2 or glycosyl (the radical resulting from the removal of a hydroxyl group of the hemia- 
cetal form of a carbohydrate). 

[0107] If the compound of the present invention comprises an amine functional group, a prodrug can be formed by 
the replacement of a hydrogen atom in the amine group with a group such as R-carbonyl, RO-carbonyl, NRR'-carbonyl 
where R and R' are each independently ((C 1 -C 10 )alkyl, (C 3 -C 7 )cycloalkyl, benzyl, or R-carbonyl is a natural a-aminoacyl 
or natural a-aminoacyl-natural a-aminoacyl, -C(OH)C(0)OY wherein (Y is H, (C r C 6 )alkyl or benzyl), -C(OY 0 )Y 1 where- 
in Y 0 is (C r C 4 ) alkyl and Yj is ((C r C 6 )alkyl, carboxy(C 1 -C 6 )alkyl, amino(C r C 4 )alkyl or mono-N- or di-N,N-(C r C 6 ) 
alkylaminoalkyl, -C(Y 2 )Y 3 wherein Y 2 is H or methyl and Y 3 is mono-N- or di-N,N-(C r C 6 )alkylamino, morpholino, pip- 
eridin-1-yl or pyrrolidin-1-yl. 

[0108] The compounds of the present invention may contain asymmetric or chiral centers, and therefore, exist in 
different stereoisomeric forms. It is contemplated that all stereoisomeric forms of the compounds as well as mixtures 
thereof, including racemic mixtures, form part of the present invention. In addition, the present invention contemplates 
all geometric and positional isomers. For example, if the compound contains a double bond, both the cis and trans 
forms, as well as mixtures, are contemplated. 

[0109] Diasteromeric mixtures can be separated into their individual stereochemical components on the basis of 
their physical chemical differences by methods known perse, for example, by chromatography and/or fractional crys- 
tallization. Enantiomers can be separated by converting the enantiomeric mixture into a diasteromeric mixture by re- 
action with an appropriate optically active compound (e.g., alcohol), separating the diastereomers and converting (e. 
g., hydrolyzing) the individual diastereomers to the corresponding pure enantiomers. Also, some of the compounds of 
this invention may be atropisomers (e.g., substituted biaryls) and are considered as part of this invention. 
[0110] The compounds of the present invention may exist in unsolvated as well as solvated forms with pharmaceu- 
tically acceptable solvents such as water, ethanol, and the like. The present invention contemplates and encompasses 
both the solvated and unsolvated forms. 

[0111] It is also possible that compounds of the present invention may exist in different tautomeric forms. All tautomers 
of compounds of the present invention are contemplated. For example, all of the tautomeric forms of the imidazole 
moiety are included in this invention. Also, for example, all keto-enol or imine-enamine forms of the compounds are 
included in this invention. 

[01 12] Those skilled in the art will recognize that the compound names contained herein may be based on a particular 
tautomer of a compound. While the name for only a particular tautomer may be used, it is intended that all tautomers 
are encompassed by the name of the particular tautomer and included as part of the invention. 
[0113] It is also intended that the invention disclosed herein encompass compounds that are synthesized in vitro 
using laboratory techniques, such as those well known to synthetic chemists; or synthesized using in vivo techniques, 
such as through metabolism, fermentation, digestion, and the like. It is also contemplated that the compounds of the 
present invention may be synthesized using a combination of in vitro and in vivo techniques. 
[01 14] The present invention also includes isotopically-labelled compounds, which are identical to those recited here- 
in, but for the fact that one or more atoms are replaced by an atom having an atomic mass or mass number different 
from the atomic mass or mass number usually found in nature. Examples of isotopes that can be incorporated into 
compounds of the invention include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine and chlo- 
rine, such as 2H, 3 H , 13c, 14q, 15 N, ™O t 1 7 0, 31 P, 3 2 P, ^S, 1 8F, and 36 C |, respectively. Compounds of the present in- 
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vention that contain the aforementioned isotopes and/or other isotopes of other atoms are within the scope of this 
invention. Certain isotopically-labelled compounds of the present invention, for example those into which radioactive 
isotopes such as 3 H and 14 C are incorporated, are useful in drug and/or substrate tissue distribution assays. Tritiated, 
i.e., 3 H, and carbon-14, i.e., 14 C, isotopes are particularly preferred for their ease of preparation and detection. Further, 

5 substitution with heavier isotopes such as deuterium, i.e., 2 H, can afford certain therapeutic advantages resulting from 
greater metabolic stability, for example increased in wVo half-life or reduced dosage requirements and, hence, may be 
preferred in some circumstances. Isotopically labelled compounds of Formula I of this invention and prodrugs thereof 
can generally be prepared by carrying out the procedures disclosed in the Schemes and/or in the Examples below, by 
substituting a readily available isotopically labelled reagent for a non-isotopically labelled reagent. 

10 [01 15] In general the compounds of this invention can be made by processes which include processes analogous 
to those known in the chemical arts, particularly in light of the description contained herein. 

[0116] In another aspect, the present invention concerns the treatment of diabetes, including impaired glucose tol- 
erance, insulin resistance, insulin dependent diabetes mellitus (Type I) and non-insulin dependent diabetes mellitus 
(NIDDM or Type II). Also included in the treatment of diabetes are the treatment of the diabetic complications, such as 

is neuropathy, nephropathy, retinopathy or cataracts. 

[0117] Diabetes can be treated by administering to a patient having diabetes (Type I or Type II), insulin resistance, 
impaired glucose tolerance, or any of the diabetic complications such as neuropathy, nephropathy, retinopathy or cat- 
aracts, a therapeutically effective amount of a compound of the present invention. It is also contemplated that diabetes 
be treated by administering a compound of the present invention or an other glycogen phosphorylase inhibitor in com- 

20 bination with an additional agent that can be used to treat diabetes and/or obesity. Preferred gylcogen phosphorylase 
inhibitors that are useful in combination with other agents useful to treat diabetes and/or obesity include those of 
Formula I. Additional preferred gylcogen phosphorylase inhibitors are disclsoed in PCT publications W O 96/39384 
and WO 96/39385. 

[0118] Representative agents that can be used to treat diabetes include insulin and insulin analogs: (e.g., LysPro 

25 insulin, inhaled formulations comprising insulin); GLP-1 (7-37) (insulinotropin) and GLP-1 (7-36)-NH2; sulfonylureas 
and analogs: chlorpropamide, glibenclamide, tolbutamide, tolazamide, acetohexamide, glypizide, glimepiride, repagli- 
nide, meglitinide; biguanides: metformin, phenformin, buformin; a2-antagonists and imidazolines: midaglizole, isag- 
lidole, deriglidole, idazoxan, efaroxan, fluparoxan; other insulin secretagogues: linogliride, insulinotropin, exendin-4, 
BTS-67582, A-4166; glitazones: ciglitazone, pioglitazone, englitazone, troglitazone, darglitazone, rosiglitazone; PPAR- 

30 gamma agonists; RXR agonists: JTT-501 , MCC-555, MX-6054, DRF2593,GI-262570, KRP-297, LG 100268; fatty acid 
oxidation inhibitors: clomoxir, etomoxir; oc-glucosidase inhibitors: precose, acarbose, miglitol, emiglitate, voglibose, 
MDL-25,637, camiglibose, MDL-73,945; p-agonists: BRL 35135, BRL 37344, Ro 16-8714, ICI D7114, CL 316,243, 
TAK-667, AZ40140; phosphodiesterase inhibitors, both cAMP and cGMP type: sildenafil, L686398: L-386,398; lipid- 
lowering agents: benfluorex, atorvastatin; antiobesity agents: fenfluramine, orlistat, sibutramine; vanadate and vana- 

35 dium complexes (e.g., Naglivan®) and peroxovanadium complexes; amylin antagonists: pramlintide, AC-137; lipoxy- 
genase inhibitors: masoprocal; somatostatin analogs: BM-23014, seglitide, octreotide; glucagon antagonists: BAY 
276-9955; insulin signaling agonists, insulin mimetics, PTP1B inhibitors: L-783281, TER17411, TER17529; glucone- 
ogenesis inhibitors:GP3034; somatostatin analogs and antagonists; antilipolytic agents: nicotinic acid, acipimox, WAG 
994; glucose transport stimulating agents: BM-1 30795; glucose synthase kinase inhibitors: lithium chloride, CT98014, 

*o CT98023; galanin receptor agonisnts; MTP inhibitors such as those disclosed in U.S. provisional patent application 
number 60/164,803; growth hormone secretagogues such as those disclosed in PCT publication numbers WO 
97/24369 and WO 98/58947; NPY antagonists: PD-160170, BW-383, BW1229, CGP-71683A, NGD 95-1, L-152804; 
Anorectic agents inlcuding 5-HT and 5-HT2C receptor antagonists.and/or mimetics: dexfenfluramine, Prozac®, 
Zoloft®; CCK receptor agonists: SR-27897B; galanin receptor antagonists; MCR-4 antagonists: HP-228; leptin or mi- 

45 metics:leptin; 11-beta-hydroxysteroid dehydrogenase type-l inhibitors; urocortin mimetics, CRF antagonists, and CRF 
binding proteins: RU-486, urocortin. Other anti-diabetic agents that can be used in combination with a glycogen phos- 
phorylase inhibitor include ergoset and D-chiroinositol. Any combination of agents can be administered as described 
above. 

[01 1 9] In addition to the categories and compounds mentioned above, gylcogen phosphorylase inhibitors, preferrably 
50 the compounds of the present invention, can be administered in combination with thyromimetic compounds, aldose 
reductase inhibitors, glucocorticoid receptor antagonists, NHE-1 inhibitors, or sorbitol dehydrogenase inhibitors, or 
combinations thereof, to treat or prevent diabetes, insulin resistance, diabetic neuropathy, diabetic nephropathy, dia- 
betic retinopathy, cataracts, hyperglycemia, hypercholesterolemia, hypertension, hyperinsulinemia, hyperlipidemia, 
atherosclerosis, or tissue ischemia, particularly myocardial ischemia. 
55 [0120] It is generally accepted that thyroid hormones, specifically, biologically active iodothyronines, are critical to 
normal development and to maintaining metabolic homeostasis. Thyroid hormones stimulate the metabolism of cho- 
lesterol to bile acids and enhance the lipolytic responses of fat cells to other hormones. U.S. Patent Numbers 4,766, 121 ; 
4,826,876; 4,91 0,305; and 5,061 ,798 disclose certain thyroid hormone mimetics (thyromimetics), namely, 3,5-dibromo- 
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346-oxo-3(1H)-pyridazinylmethyl]-thyronines. U.S. Patent Number 5,284,971 discloses certain thyromimetic choles- 
terol lowering agents, namely, 4-(3-cyclohexyl-4-hydroxy or -methoxy phenylsulfonyl)-3,5 dibromo-phenytacetic com- 
pounds. U.S. Patent Numbers 5,401,772; 5,654,468; and 5,569,674 disclose certain thyromimetics that are lipid low- 
ering agents, namely, heteroacetic acid derivatives. In addition, certain oxamic acid derivatives of thyroid hormones 

5 are known in the art. For example, N. Yokoyama, et al in an article published in the Journal of Medicinal Chemistry, 
38 (4): 695-707 (1995) describe replacing a -CH 2 group in a naturally occurring metabolite of T 3 with an -NH group 
resulting in - HNCOC0 2 H. Likewise, R.E. Steele era/, in an article published in International Congressional Service 
{AtheroscterosisX) 1066: 321-324 (1995) and Z.F. Stephan era/, in an article published in Atherosclerosis, 126: 53-63 
( 1 996), describe certain oxamic acid derivatives useful as lipid-lowering thyromimetic agents, yet devoid of undesirable 

w cardiac activities. Other useful thyromimetics that can be used in combination with a glycogen phosphorylase inhibitor 
include CGS-2621 4. 

[0121] Each of the thyromimetic compounds referenced above and other thyromimetic compounds can be used in 
combination with the compounds of the present invention to treat or prevent diabetes, insulin resistance, diabetic neu- 
ropathy, diabetic nephropathy, diabetic retinopathy, cataracts hyperglycemia, hypercholesterolemia, hypertension, hy- 

15 perinsulinemia, hyperlipidemia, atherosclerosis, or tissue ischemia. 

[0122] The compounds of the present invention can also be used in combination with aldose reductase inhibitors. 
Aldose reductase inhibitors constitute a class of compounds that have become widely known for their utility in preventing 
and treating conditions arising from complications of diabetes, such as diabetic neuropathy and nephropathy. Such 
compounds are well known to those skilled in the art and are readily identified by standard biological tests. For example, 

20 the aldose reductase inhibitors zopolrestat, 1 -phthalazineacetic acid, 3,4-dihydro-4-oxo-3-[[5-(trifluoromethyl)-2-ben- 
zothiazolyljmethyl]-, and related compounds are described in U.S. patent 4,939,140 to Larson era/. 
[0123] Aldose reductase inhibitors have been taught for use in lowering lipid levels in mammals. See, for example, 
U. S. patent 4,492,706 to Kallai-sanfacon and EP 0 310 931 A2 (Ethyl Corporation). 

[0124] U. S. patent 5,064,830 to Going discloses the use of certain oxophthalazinyl acetic acid aldose reductase 

25 inhibitors, including zopolrestat, for lowering of blood uric acid levels. 

[0125] Commonly assigned U.S. patent 5,391 ,551 discloses the use of certain aldose reductase inhibitors, including 
zopolrestat, for lowering blood lipid levels in humans. The disclosure teaches that therapeutic utilities derive from the 
treatment of diseases caused by an increased level of triglycerides in the blood, such diseases include cardiovascular 
disorders such as thrombosis, arteriosclerosis, myocardial infarction, and angina pectoris. A preferred aldose reductase 

30 inhibitor is 1 -phthalazineacetic acid, 3,4-dihydro-4-oxo-3-[[5-trifluoromethyl)-2-benzothiazolyl]methyl]-, also known as 
zopolrestat. 

[0126] The term aldose reductase inhibitor refers to compounds that inhibit the byconversion of glucose to sorbitol, 
which is catalyzed by the enzyme aldose reductase. 

[0127] Any aldose reductase inhibitor may be used in a combination with a compound of the present invention. 
35 Aldose reductase inhibition is readily determined by those skilled in the art according to standard assays (J. Malone, 
Diabetes, 29:861-864 (1980). "Red Cell Sorbitol, an Indicator of Diabetic Control"). A variety of aldose reductase in- 
hibitors are described herein; however, other aldose reductase inhibitors useful in the compositions and methods of 
this invention will be known to those skilled in the art. 

[0128] The activity of an aldose reductase inhibitor in a tissue can be determined by testing the amount of aldose 
40 reductase inhibitor that is required to lower tissue sorbitol (i.e., by inhibiting the further production of sorbitol consequent 
to blocking aldose reductase) or lower tissue fructose (by inhibiting the production of sorbitol consequent to blocking 
aldose reductase and consequently the production of fructose. 

[0129] Accordingly, examples of aldose reductase inhibitors useful in the compositions, combinations and methods 
of the present invention include: 

45 

1. 3-(4-bromo-2-fluorobenzyl)-3,4-dihydro-4-oxo-1 -phthalazineacetic acid (ponalrestat, US 4,251,528); 

2. N[[(5-trifluoromethyl)-6-methoxy-1-naphthalenyl]thioxomethyl]-N-methylglycine (tolrestat, US 4,600,724); 

3. 5-[(Z,E)-p-methylcinnamylidene]-4-oxo-2-thioxo-3-thiazolideneacetic acid (epalrestat, US 4,464,382, US 
4,791,126, US 4,831 ,045); 

so 4. 3-(4-bromo-2-f luorobenzyl)-7-chloro-3,4-dihydro-2,4-dioxo-1 (2H)-quinazolineacetic acid (zenarestat, US 

4,734,419, and 4,883,800); 

5. 2R,4R-6,7-dichloro-4-hydroxy-2-methylchroman-4-acetic acid (US 4,883,410); 

6. 2R,4R-6,7-dichloro-6-fluoro-4-hydroxy-2-methylchroman-4-acetic acid (US 4,883,410); 

7. 3,4-dihydro-2,8-diisopropyl-3-oxo-2H-1,4-benzoxazine-4-acetic acid (US 4,771,050); 

55 8.3,4-dihydro-3-oxo-4-[(4,5,7-trifluoro-2-benzothiazolyl)methyl]-2H-1,4-benzothiazine-2-aceticacid(SP 
S. 5,252,572); 

9. N-[3,5-dimethyl-4-[(nitromethyl)sulfonyl]phenyl]-2-methylbenzeneacetamide (ZD5522, U.S. 5,270,342 and U. 
S. 5,430,060); 
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10. (S)-6-fluorospiro[chroman-4,4'-imidazolidine]-2,5'-dione (sorbinil, US 4,130,714); 

11. d-2-methyl-6-fluoro-spiro(chroman-4 , ,4 , -imidazolidine)-2 , ,5'-dione (US 4,540,704); 

12. 2-fluoro-spiro(9H-fluorene-9,4*-imidazolidine)2',5'-dione (US 4,438,272); 

13. 2,7-di-fluoro-spiro(9H-fluorene-9 ( 4 , -imidazolidine)2 , ,5 , -dione (US 4,436,745, US 4,438,272); 

14. 2,7-di-fluoro-5-methoxy-spiro(9H-fIuorene-9,4 , -imidazolidine)2 , l 5 , -dione (US 4,436,745, US 4,438,272); 

15. 7-fluoro-spiro(5H-indenol[1 ,2-b]pyridine-5,3'-pyrrolidine)2,5 , -dione (US 4,436,745, US 4,438,272); 

16. d^is-e'-chloro-^S'-dihydro^'-methyl-spiro-^^ (US 
4,980,357); 

17. spiro[imidazo1idine-4,5^6H)-qui^ 5,066,659); 

18. (2S,4S)-6-fluoro-2\5'-dioxospiro(chroman-4,4'-imidazolidine)-2K:arboxamide (US 5,447,946); and 

1 9. 2-[(4-bromo-2-f luorophenyl)methyi]-6-fluorospiro[isoquinoline-4(1 H),3'-pyrrolidine]-1 ,2\3,5'(2H)-tetrone (ARI- 
509, US 5,037,831). 

[0130] Other aldose reductase inhibitors include compounds having formula la below 




la 



O 



or a pharmaceutical^ acceptable salt or prodrug thereof, wherein 
Z is O or S; 

R 1 is hydroxy or a group capable of being removed in wVoto produce a compound of formula I wherein R 1 is OH; and 
X and Y are the same or different and are selected from hydrogen, trifluoromethyl, fluoro, and chloro. 

[0131] A preferred subgroup within the above group of aldose reductase inhibitors includes numbered compounds 
1, 2, 3, 4, 5, 6, 9, 10, and 17, and the following compounds of Formula la: 

20. 3,4-dihydro-3-(5-fluorobenzothiazol-2-ylmethyl)-4-oxophthalazin-1-yl-acetic acid [R 1 =hydroxy; X=F; Y=H]; 

21. 3-(5,7-difluorobenzothiazol-2-ylmethyl)-3,4-dihydro-4-oxophthalazin-1-ylacetic acid [R 1 =hydroxy; X=Y=F]; 

22. 3-(5-chlorobenzothiazol-2-ylmethyl)-3,4-dihydro-4-oxophthalazin-1-ylacetic acid [R^hydroxy; X=CI; Y=H]; 

23. 3-(5,7-dichlorobenzothiazol-2-ylmethyl)-3,4-dihydro-4-oxophthalazin-1-ylacetic acid [R 1 =hydroxy; X=Y=CI]; 

24. 3,4-dihydro-4-oxo-3-(5-trifluoromethylbenzoxazol-2-ylmethyl)phthalazin-1-ylacetic acid [R 1 =hydroxy; X=CF 3 ; 
Y=H]; 

25. 3,4-dihydro-3-(5-fluorobenzoxazol-2-y!methyl)-4-oxophthalazin-1-yl-acetic acid [R 1 =hydroxy; X=F; Y=H]; 

26. 3-(5,7-difluorobenzoxazol-2-ylmethyl)-3,4-dihydro-4-oxophthalazin-1-ylacetic acid [R 1 =hydroxy; X=Y=F]; 

27. 3-(5-ch!orobenzoxazol-2-ylmethyl)-3,4-dihydro-4-oxophthaIazin-1-ylacetic acid [R 1 =hydroxy; X=CI; Y=H]; 

28. 3-(5,7-dichlorobenzoxazol-2-ylmethyl)-3,4-dihydro-4-oxophthatazin-1-ylacetic acid [R 1 =hydroxy; X=Y=CI]; 
and 

29. zopolrestat; 1-phthalazineacetic acid, 3,4-dihydro-4-oxo-3-[[5-(trifluoromethyl)-2-benzothiazolyi]methy^ 
[R 1 =hydroxy; X=trifluoromethyl; Y=H]. 

[0132] In compounds 20-23, and 29 Z is S. In compounds 24-28, Z is O. 

[0133] Of the above subgroup, compounds 20-29 are more preferred with 29 especially preferred. Procedures for 
making the aldose reducatase inhibitors of formula la can be found in PCT publication number WO 99/26659. 
[0134] Each of the aldose reductase inhibitors referenced above and other aldose reductase inhibitors can be used 
in combination with the compounds of the present invention to treat diabetes, insulin resistance, diabetic neuropathy, 
diabetic nephropathy, diabetic retinopathy, cataracts, hyperglycemia, hypercholesterolemia, hypertension, hyperin- 
sulinemia, hyperlipidemia, atherosclerosis, or tissue ischemia. 

[0135] The compounds of the present invention can also be used in combination with glucocorticoid receptor antag- 
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onists. The glucocorticoid receptor (GR) is present in glucocorticoid responsive cells where it resides in the cytosol in 
an inactive state until it is stimulated by an agonist. Upon stimulation the glucocorticoid receptor translocates to the 
cell nucleus where it specifically interacts with DNA and/or protein(s) and regulates transcription in a glucocorticoid 
responsive manner. Two examples of proteins that interact with the glucocorticoid receptor are the transcription factors, 
API and NFk-B. Such interactions result in inhibition of API- and NFk-B- mediated transcription and are believed to be 
responsible for the anti-inflammatory activity of endogenously administered glucocorticoids. In addition, glucocorticoids 
may also exert physiologic effects independent of nuclear transcription. Biologically relevant glucocorticoid receptor 
agonists include Cortisol and corticosterone. Many synthetic glucocorticoid receptor agonists exist including dexame- 
thasone, prednisone and prednisilone. By definition, glucocorticoid receptor antagonists bind to the receptor and pre- 
vent glucocorticoid receptor agonists from binding and eliciting GR mediated events, including transcription. RU486 is 
an example of a non-selective glucocorticoid receptor antagonist. GR antagonists can be used in the treatment of 
diseases associated with an excess or a deficiency of glucocorticoids in the body. As such, they may be used to treat 
the following: obesity, diabetes, cardiovascular disease, hypertension, Syndrome X, depression, anxiety, glaucoma, 
human immunodeficiency virus (HIV) or acquired immunodeficiency syndrome (AIDS), neurodegeneration (for exam- 
ple, Alzheimer's and Parkinson's), cognition enhancement, Cushing's Syndrome, Addison's Disease, osteoporosis, 
frailty, inflammatory diseases (such as osteoarthritis, rheumatoid arthritis, asthma and rhinitis), tests of adrenal function, 
viral infection, immunodeficiency, immunomodulation, autoimmune diseases, allergies, wound healing, compulsive 
behavior, multi-drug resistance, addiction, psychosis, anorexia, cachexia, post-traumatic stress syndrome, post-sur- 
gical bone fracture, medical catabolism and prevention of muscle frailty. Examples or G R antagonists that can be used 
in combination with a compound of the present invention include compounds of formula lb below: 




an isomer thereof, a prodrug of said compound or isomer, or a pharmaceutical^ acceptable salt of said compound, 

isomer or prodrug; wherein m is 1 or 2; 

- - - represents an optional bond; 

A is selected from the group consisting of 




A-1 A-2 A-3 A-4 



and 
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D is CR 7 , CR 7 R 16l N, NR 7 or O; 
E is C, CR 6 or N; 
Fis CR 4 , CR 4 R 5 or O; 

G, H and I together with 2 carbon atoms from the A-ring or 2 carbon atoms from the B-ring form a 5-membered 
heterocyclic ring comprising one or more N, O or S atoms; provided that there is at most one of O and S per ring; 
J, K, L and M together with 2 carbon atoms from the B-ring forms a 6-membered heterocyclic ring comprising 1 
or more N atoms; 

X is a) absent, b) -CH 2 -, c) -CH(OH)- or d) -C(O)-; 

R 1 is a) -H, b) -Z-CF 3 , c) -(C r C 6 )alkyl, d) -(C 2 -C 6 )alkenyl, e) -(C 2 -C 6 )alkynyl, f) -CHO, g) -CH=:N-OR 12 , h) -Z-C 
(0)OR 12 , i) -Z-C(0)-NR 12 R 13 , j) -Z-C(0)-NR 12 -Z-het, k) -Z-NR 12 R 13 , I) -Z-NR 12 het, m) -Z-het, n) -Z-O-het, o) -Z- 
aryl', p) -Z-O-aryl', q) -CHOH-aryl' or r) -C(0)-aryl' wherein aryl' in substituents o) to r) is substituted independently 
with 0, 1 or 2 of the following: -Z-OH, -Z-NR 12 R 13 , -Z-NR 12 -het, - C(0)NR 12 R 13 , -C(0)0(C r C 6 )alkyl, -C(0)OH, -0 
(O)-het, -NR 12 -C(0)-(C l -C 6 )alkyl, - NR 12 -C(0)-(C 2 -C 6 )alkenyl, -NR 12 -C(0)-(C 2 -C 6 )alkynyl, -NR 12 -C(0)-Z-het, 
-CN, -Z-het, -0-(C r C 3 )alky(-C(0)-NR 12 R 13 , -0-(C r C 3 )alkyl-C(0)0(C r C 6 )alkyl, -NR 12 -Z-C(O)O(C r 0 6 )alkyl, -N 
(Z-C(0)0(C r C 6 )alkyl) 2 , -NR 12 -Z-C(0)-NR 12 R 13 , -Z-NR 12 -S0 2 -R l3 , -NR 12 -S0 2 -het, -0(O)H, -Z-NR 12 -Z-0(C r C 6 ) 
alkyl, - Z-NR 12 -Z-NR 12 R 13 , -Z-NR 12 -(C 3 -C 6 )cycloalkyl, -Z-N(Z-0(C 1 -C 6 )alkyl) 2 , -S0 2 R 12 , - SOR 12 , -SR 12 , 
-S0 2 NR 12 R 13 , -0-C(0)-(C r C 4 )alkyl, -0-S0 2 -(C r C 4 )alkyl, -halo or - CF 3 ; 
Z for each occurrence is independently a) -(C 0 -C 6 )alkyl, b) -(C 2 -C 6 )alkenyl or c) -(C 2 -C 6 )alkynyl; 
R 2 is a) -H, b) -halo, c) -OH, d) -(C r C 6 )alkyl substituted with 0 or 1 -OH, e) - NR 12 R 13 , f) -Z-C(O)O(0 1 -C 6 )a!kyI, 
g) -Z-C(0)NR 12 R 13 , h) -0-(C r C 6 )alkyl, i) - Z-0-C(0)-(C r C 6 )aikyl, j) -Z-0-(C 1 -C 3 )a!ky!-C(0)-NR 12 R 13 , k) 
-Z-O-(C 1 -C 3 )alkyl-C(O)-O(0 1 -C 6 )alkyl ( I) -0-(C 2 -C 6 )alkenyl, m) -O-(0 2 -C 6 )alkynyl, n) -O-Z-het, o) -COOH, p) -C 
(OH)R 12 R 13 orq)-Z-CN; 

R 3 is a) -H, b) -(C r C 10 )alkyl wherein 1 or 2 carbon atoms, other than the connecting carbon atom, may optionally 
be replaced with 1 or 2 heteroatoms independently selected from S, O and N and wherein each carbon atom is 
substituted with 0, 1 or 2 R y , c) -(C 2 -C 10 )alkenyl substituted with 0, 1 or 2 R y , d) -(C 2 -C 10 )alkynyl wherein 1 carbon 
atom, other than the connecting carbon atom, may optionally be replaced with 1 oxygen atom and wherein each 
carbon atom is substituted with 0, 1 or 2 Ry, e) -CH=C=CH 2 , f) -CN, g) -(C 3 -C 6 )cycloalkyl, h) -Z-aryl, i) -Z-het, j) 
-C(0)0(C r C 6 )aikyl, k) -0(C r C 6 )alkyl, I) -Z-S-R 12 , m) -Z-S(0)-R 12 , n) -Z-S(0) 2 -R 12 , o) - CF 3 p) -NR 12 0-(C r C 6 ) 
alkyl or q) -CH 2 OR y ; 

provided that one of R 2 and R 3 is absent when there is a double bond between CR 2 R 3 (the 7 position) and the F 
moiety (the 8 position) of the C-ring; 

R y for each occurrence is independently a) -OH, b) -halo, c) -Z-CF 3t d) -Z-CF(C r C 3 alkyl) 2 , e) -CN, 0 -NR 12 R 13 
9) -(C 3 -C 6 )cycloalkyl, h) -(C^C^cycloalkenyl, i) - (C 0 -C 3 )alkyl-aryl, j) -het or k) -N 3 ; 

or R 2 and R 3 are taken together to form a) ^HR^, b) =NOR 1lt c) =0, d) =N-NR 12 , e) =N-NR 12 -C(0)-R l2 , f) 
oxiranyl or g) 1 ,3-dioxolan-4-yl; 

R 4 and R 5 for each occurrence are independently a) -H, b) -CN, c) - (C r C 6 )alkyl substituted with 0 to 3 halo, d) 
-(C 2 -C 6 )alkenyl substituted with 0 to 3 halo, e) -(C 2 -C 6 )alkynyl substituted with 0 to 3 halo, f) -0-(C r C 6 )alkyl sub- 
stituted with 0 to 3 halo, g) -0-(C 2 -C 6 )alkenyl substituted with 0 to 3 halo, h) -0-(C 2 -C 6 )alkynyl substituted with 0 
to 3 halo, i) halo, j) -OH, k) (C 3 -C 6 )cycloalkyl or I) (C 3 - C 6 )cycloalkenyl; 
or R 4 and R 5 are taken together to form =0; 

R 6 is a) -H, b) -CN, c) -(C r C 6 )alkyl substituted with 0 to 3 halo, d) - (C 2 -C 6 )alkenyl substituted with 0 to 3 halo, e) 
-(C 2 -C 6 )alkynyl substituted with 0 to 3 halo or f) -OH; 

R 7 and R 16 for each occurrence are independently a) -H, b) -halo, c) -CN, d) - (C r C 6 )a!kyl substituted with 0 to 3 
halo, e) -(C 2 -C 6 )alkenyl substituted with 0 to 3 halo or f) -(C 2 -C 6 )alkynyl substituted with 0 to 3 halo; provided that 
R 7 is other than -CN or -halo when D is NR 7 ; 
or R 7 and R 16 are taken together to form =0; 

R 8 . Rg, R14 and R 15 for each occurrence are independently a) -H, b) -halo, c) (C r C 6 )alkyl substituted with 0 to 3 
halo, d) -(C 2 -C 6 )alkenyl substituted with 0 to 3 halo, e) -(C 2 -C 6 )alkynyl substituted with 0 to 3 halo, f) -CN, g) 
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-(C 3 -C 6 )cycloalkyl, h) -(C 3 -C 6 )cycloalkenyl, i) -OH, j) -0-(C r C 6 )alkyl t k) -0-(C r C 6 )alkenyl, I) - 0-(C r C 6 )alkynyl, 
m) -NR 12 R 13 , n) -C(0)OR 12 or o) -C(0)NR 12 R 13 ; 

or R 8 and R 9 are taken together on the C-ring to form =0; provided that when m is 2, only one set of R 8 and R 9 
are taken together to form =0; 

or R 14 and R 15 are taken together to form =0; provided that when R 14 and R 15 are taken together to form =0, D 
is other than CR 7 and E is other than C; 

R 10 is a) -(C r C 10 )alkyl substituted with 0 to 3 substituents independently selected from -halo, -OH and -N 3 , b) 
-(C 2 -C 10 )alkenyl substituted with 0 to 3 substituents independently selected from -halo, -OH and -N 3 , c) -(C 2 -C 10 ) 
alkynyl substituted with 0 to 3 substituents independently selected from -halo, -OH and -N 3 , d) -halo, e) -Z-CN, f) 
-OH, g) -Z-het, h) -Z-NR 12 R 13 , i) -Z-C(0)-het, j) - Z-C(0)-(C r C 6 )alkyi, k) -Z-C(0)-NR l2 R 13 , 1) -Z-C(0)-NR 12 -Z-CN, 
m) - Z-C(0)-NR 12 -Z-het, n) -Z-C(0)-NR 12 -Z-aryl, o) -Z-C(0)-NR 12 -Z-NR l2 R l3 , p) -Z-C(0)-NR 12 -Z-0(C r C 6 )alkyl, 
q) -(C r C 6 )alkyl-C(0)OH, r) -Z-C(0)0(C r C 6 )alkyl, s) -Z-O-(C 0 -C 6 )alkyl-het, t) -Z-O-(C 0 -C 6 )alkyl-aryl, u) 
-Z-0-(C r C 6 )alkyl substituted with 0 to 2 R x , v) -Z-0-(C r C 6 )alkyl-CH(0), w) -Z-0-(C r C 6 )aikyl-NR 12 -het, x) - Z-O-Z- 
het-Z-het, y) -Z-0-Z-het-Z-NR 12 R 13 , z) -Z-0-Z-het-C(0)-het, a1) - Z-0-Z-C(0)-het, b1) -Z-0-Z-C(0)-het-het, d) 
-Z-0-Z-C(0)-(C r C 6 )alkyl, d1) -Z-0-Z-C(S)-NR 12 R 13 , e1) -Z-0-Z-C(0)-NR 12 R 13 , f1) - Z-0-Z-(C r C 3 )alkyl-C(0) 
-NR 12 R 13 , g1)-Z-0-Z-C(0)-0(C r C 6 )alkyl, hi) - Z-0-Z-C(0)-OH, i1) -Z-0-Z-C(0)-NR 12 -0(C r C 6 )alkyl, j1) 
-Z-0-Z-C(0)-NR 12 -OH, k1) -Z-0-Z-C(0)-NR 12 -Z-NR 12 R 13 , 11) -Z-0-Z-C(0)-NR 12 -Z-het, ml) - Z-O-Z-C(O) 
-NR 12 -S0 2 -(C 1 -C 6 )alkyl l n1) -Z-0-Z-C(=NR 12 )(NR 12 R 13 ), o1) -Z-0-Z-C(=NOR 12 )(NR 12 R 13 ), p1) -Z-NR 12 -C(0) 
-0-Z-NR 12 R 13 , q1) -Z-S-C(0)-NR l2 R 13 , r1) -Z-0-S0 2 -(C r C 6 )alkyl, s1) -Z-0-S0 2 -aryl, t1) -Z-0-S0 2 -NR 12 R 13 , u1) 
-Z-0-S0 2 -CF 3 , v1) -Z-NR 12 C(0)OR 13 or w1) -Z-NR 12 C(0)R 13 ; 

or R 9 and R 10 are taken together on the moiety of formula A-5 to form a) = O or b) = NOR 12 ; 
R lt is a) -H, b) -(C r C 5 )alkyl, c) -(C 3 -C 6 )cycloalkyl or d) -(C 0 -C 3 )alkyi-aryl; 

R 12 and R 13 for each occurrence are each independently a) -H, b) -(C r C 6 )alkyl wherein 1 or 2 carbon atoms, 

other than the connecting carbon atom, may optionally be replaced with 1 or 2 heteroatoms independently selected 

from S, O and N and wherein each carbon atom is substituted with 0 to 6 halo, c) -(C 2 -C 6 )alkenyl substituted with 

0 to 6 halo or d) -(C r C 6 )alkynyl wherein 1 carbon atom, other than the connecting carbon atom, may optionally 

be replaced with 1 oxygen atom and wherein each carbon atom is substituted with 0 to 6 halo; 

or R 12 and R 13 are taken together with N to form het; 

or R 6 and R 14 or R 15 are taken together to form 1 ,3-dioxolanyl; 

aryt is a) phenyl substituted with 0 to 3 R x , b) naphthyl substituted with 0 to 3 R x or c) biphenyl substituted with 0 
to 3 R x ; 

het is a 5-,6- or 7-membered saturated, partially saturated or unsaturated ring containing from one (1) to three (3) 
heteroatoms independently selected from the group consisting of nitrogen, oxygen and sulfur, and including any 
bicyclic group in which any of the above heterocyclic rings is fused to a benzene ring or another heterocycle; and 
the nitrogen may be in the oxidized state giving the N-oxide form; and substituted with 0 to 3 F^; 
R x for each occurrence is independently a) -halo, b) -OH, c) -(C r C 6 )alkyl, d) - (C 2 -C 6 )alkenyl, e) -(C 2 -C 6 )alkynyl, 
f) -0(C 1 -C 6 )alkyl, g) -0(C 2 -C 6 )alkenyl, h) -0(C 2 -C 6 )a!kynyl, i) -(C 0 -C 6 )alkyl-NR 12 R 13 , j) -C(0)-NR 12 R 13 , k) 
-Z-S0 2 R 12 , l)-Z-SOR 12 , m) -Z-SR 12 , n) -NR 12 -S0 2 R 13 , o) -NR 12 -C(0)-R 13 , p) -NR 12 -OR 13> q) -S0 2 -NR 12 R 13 , r) 
-CN, s) -CF 3 , t) -C(0)(C r C 6 )alkyl, u) =0, v) -Z-S0 2 -phenyl or w) -Z-S0 2 -hef; 
aryl* is phenyl, naphthyl or biphenyl; 

het' is a 5-,6- or 7-membered saturated, partially saturated or unsaturated ring containing from one (1) to three (3) 
heteroatoms independently selected from the group consisting of nitrogen, oxygen and sulfur; and including any 
bicyclic group in which any of the above heterocyclic rings is fused to a benzene ring or another heterocycle; 
provided that: 

1) X-R 1 is other than hydrogen or methyl; 

2) when R 9 and R 10 are substituents on the A-ring, they are other than mono-or di-methoxy; 

3) when R 2 and R 3 are taken together to form ^HR^ or =0 wherein R^ is - 0(C r C 6 )alkyl, then -X-R t is 
other than (C r C 4 )alkyl; 

4) when R 2 and R 3 taken together are C=0 and R 9 is hydrogen on the A-ring; or when R 2 is hydroxy, R 3 is 
hydrogen and R 9 is hydrogen on the A-ring, then R 10 is other than -0-(C r C 6 )alkyl or -0-CH 2 -phenyl at the 
2-position of the A-ring; 

5) when X-Rj is (C r C 4 )aIkyl, (C 2 -C 4 )alkenyl or (C 2 -C 4 )alkynyl, R 9 and R 10 are other than mono-hydroxy or 
=0, including the diol form thereof, when taken together; and 

6) when X is absent, is other than a moiety containing a heteroatom independently selected from N, O or 
S directly attached to the juncture of the B-ring and the C-ring. (See U.S. Provisional Patent Application number 
60/132, 130) 
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[0136] Each of the glucocorticoid receptor antagonists referenced above and other glucocorticoid receptor antago- 
nists can be used in combination with the compounds of the present invention to treat or prevent diabetes, hypergly- 
cemia, hypercholesterolemia, hypertension, hyperinsulinemia, hyperlipidemia, atherosclerosis, or tissue ischemia. 
[0137] The compounds of the present invention can also be used in combination with sorbitol dehydrogenase inhib- 
itors. Sorbitol dehydrogenase inhibitors lower fructose levels and have been used to treat or prevent diabetic compli- 
cations such as neuropathy, retinopathy, nephropathy, cardiomyopathy, microangiopathy, and macroangiopathy. U.S. 
patent numbers 5,728,704 and 5,866,578 disclose compounds and a method for treating or preventing diabetic com- 
plications by inhibiting the enzyme sorbitol dehydrogenase. 

[0138] Each of the sorbitol dehydrogenase inhibitors referenced above and other sorbitol dehydrogenase inhibitors 
can be used in combination with the compounds of the present invention to treat diabetes, insulin resistance, diabetic 
neuropathy, diabetic nephropathy, diabetic retinopathy, cataracts, hyperglycemia, hypercholesterolemia, hypertension, 
hyperinsulinemia, hyperlipidemia, atherosclerosis, or tissue ischemia. 

[0139] The compounds of the present invention can also be used in combination with sodium-hydrogen exchanger 
type 1 (NHE-1) inhibitors. NHE-1 inhibitors can be used to reduce tissue damage resulting from ischemia. Of great 
concern is tissue damage that occurs as a result of ischemia in cardiac, brain, liver, kidney, lung, gut, skeletal muscle, 
spleen, pancreas, nerve, spinal cord, retina tissue, the vasculature, or intestinal tissue. NHE-1 inhibitors can also be 
administered to prevent perioperative myocardial ischemic injury. 
[0140] Examples of NHE-1 inhibitors include a compound having the Formula Ic 



a prodrug thereof or a pharmaceutical^ acceptable salt of said compound or of said prodrug, wherein 

Z is carbon connected and is a five-membered, diaza, diunsaturated ring having two contiguous nitrogens, said 
ring optionally mono-, di-, or tri-substituted with up to three substituents independently selected from R 1 , R 2 and R 3 ; 
or 

Z is carbon connected and is a five-membered, triaza, diunsaturated ring, said ring optionally mono- or di-substi- 
tuted with up to two substituents independently selected from R 4 and R 5 ; 

wherein R 1 , R 2 , R 3 , R 4 and R 5 are each independently hydrogen, hydroxy^ -C 4 )alky1, (C r C 4 )alkyl, (C r C 4 ) 
alkylthio, (C 3 -C 4 )cycloalkyl, (C^-C^cycloalkyKC! -C 4 )alkyl, (C r C 4 )alkoxy, (C l -C 4 )alkoxy(C 1 -C 4 )alkyl, mono-N-or di-N, 
N-(C r C 4 )alkylcarbamoyl, M or M(C r C 4 )alkyl, any of said previous (C,-C 4 )alkyl moieties optionally having from one to 
nine fluorines; said (C r C 4 )alkyl or (C 3 -C 4 )cycloalkyl optionally mono-or di-substituted independently with hydroxy, 
(C r C 4 )alkoxy, (C r C 4 )alkylthio, (C r C 4 )alkylsulfinyl, (C r C 4 )alkylsulfonyl, (C r C 4 )aikyl, mono-N- or di-N,N-(C r C 4 ) 
alkylcarbamoyl or mono-N- ordi-N,N-(C r C 4 )alkylaminosu!fonyl; and said (C 3 -C 4 )cycloaIkyl optionally having from one 
to seven fluorines; 

wherein Mis a partially saturated, fully saturated or fully unsaturated five to eight membered ring optionally having 
one to three heteroatoms selected independently from oxygen, sulfur and nitrogen, or, a bicyclic ring consisting of two 
fused partially saturated, fully saturated or fully unsaturated three to six membered rings, taken independently, option- 
ally having one to four heteroatoms selected independently from nitrogen, sulfur and oxygen; 

said M is optionally substituted, on one ring if the moiety is monocyclic, or one or both rings if the moiety is bicyclic, 
on carbon or nitrogen with up to three substituents independently selected from R 6 , R 7 and R 8 , wherein one of R 6 , R 7 
and R 8 is optionally a partially saturated, fully saturated, or fully unsaturated three to seven membered ring optionally 
having one to three heteroatoms selected independently from oxygen, sulfur and nitrogen optionally substituted with 
(C r C 4 )alkyl and additionally R 6 , R 7 and R 8 are optionally hydroxy, nitro, halo, (C r C 4 )alkoxy, (C r C 4 )alkoxycarbonyl, 
(C r C 4 )alkyl, formyl, (C r C 4 )alkanoyl, (C r C 4 )a!kanoyloxy, (C^-C^alkanoylamino, (C r C 4 )alkoxycarbonylamino, sul- 
fonamide, (C r C 4 )alkylsulfonamido, amino, mono-N- or di-N.N-^-C^alkylamino, carbamoyl, mono-N- or di-N, 
N-(C r C 4 )aikylcarbamoyl, cyano, thiol, (C r C 4 )alkylthio, (C r C 4 )alkylsulfinyl, (C r C 4 )alkylsulfonyl, mono-N- or di-N, 
N-(C 1 -C 4 )aikylaminosulfonyl, (C 2 -C 4 )alkenyl, (C 2 -C 4 )alkynyl or (C 5 -C 7 )cycloalkenyl, 

wherein said (C r C 4 )alkoxy, (C r C 4 )alkyl, (C r C 7 )alkanoyl, (C r C 4 )alkylthio, mono-N- or di-N,N-(C r C 4 )alkylami- 
no or (C 3 -C 7 )cycioalkyl R 6 , R 7 and R 8 substituents are optionally mono- substituted independently with hydroxy, (C r C 4 ) 




Formula Ic 



23 



EP 1 088 824 B1 



alkoxycarbonyl, ^-Cyjcycloalkyl, (C r C 4 )alkanoyl, (C,-C 4 )alkanoylamino, (C r C 4 )alkanoyloxy, (C r C 4 )a!koxycarbo- 
nylamino, suifonamido, (C r C 4 )alkylsuIfonamido, amino, mono-N- or di-N,N-(C r C 4 )alkylamino, carbamoyl, mono-N- 
or di-N,N-(C r C 4 )alkylcarbamoyl, cyano, thiol, nitro, (C r C 4 )aIkyIthio, (C r C 4 )alkylsulfinyl, (C r C 4 )alkylsulfonyl or mo- 
no-N- or di-N,N-(C r C 4 )aIkylaminosuIfonyl or optionally substituted with one to nine fluorines. (See PCT patent appl- 
ciation number PCT/IB99/00206) 

[0141] Each of the NHE-1 inhibitors referenced above and other NHE-1 inhibitors can be used in combination with 
the compounds of the present invention to treat or prevent diabetes, insulin resistance, diabetic neuropathy, diabetic 
nephropathy, diabetic retinopathy, cataracts, hyperglycemia, hypercholesterolemia, hypertension, hyperinsulinemia, 
hyperlipidemia, atherosclerosis, or tissue ischemia. 

[01 42] The examples presented below are intended to illustrate particular embodiments of the invention, and are not 
intended to limit the scope of the specification, including the claims, in any manner. 

Examples 

CHEMICAL EXAMPLES 

[0143] Exemplary processes for the manufacture of the compounds of the invention are provided below and are 
illustrated by reaction schemes. These processes may be carried out in sequential or convergent synthetic routes. 
Purification procedures include crystallization and normal phase or reverse phase chromatography. 
[0144] As a general note, the preparation of the compounds described herein may require protection of remote 
functionality (e.g., primary amine, secondary amine, carboxyl). The need for such protection will vary depending on 
the nature of the remote functionality and the conditions of the preparation methods. The need for such protection is 
readily determined by one skilled in the art. The use of such protection/deprotection methods is also within the skill in 
the art. For a general description of protecting groups and their use, see T.W. Greene and P.G.M. Wuts, Protective 
Groups in Organic Synthesis, John Wiley & Sons, New York, 1 991 . 



[0145] 


The following abbreviations are used herein. 


Et 


ethyl 


DMF 


dimethylformamide 


BOC 


te/f-butyloxycarbonyl 


CBz 


benzyloxycarbonyl 


Ph 


phenyl 


h 


hours 


d 


days 


min 


minutes 


equiv 


equivalent(s) 


DMSO 


dimethlysu If oxide 


dec 


decomposes 


mp 


melting point 


CIMS 


chemical ionization mass spectrometry 
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Scheme I 




H 
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Scheme I Contiuned 
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Scheme II 
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Scheme III 
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Scheme IV 
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Scheme V 
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Scheme VI 
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[0146] The bicyclic pyrrolyl acids of Formula 5 can be made by several synthetic methods. With regard to Scheme 
I, a preferred method (Hemetsberger, H. etai, Monatshefte furChemie, 103: 194-204 (1972)), begins with condensa- 
55 tion of an azido-acetic acid alky! ester with an aldehyde of Formula 2 in an alcoholic solvent in the presence of an 
alkoxide. The alcohol and alkoxide preferred are those derived from the alkyl ester to avoid transesterif ication problems. 
The reaction is performed at a temperature of about -20°C to about 25°C for about 1-24 hours, generally employing 
3-8 equivalents of the alkoxide and an equimolar quantity of the azido-acetic acid alkyl ester. The resultant azides are 
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then heated at reflux in an inert solvent such as xylenes to afford the heterocyclopyrrole esters of Formula 3. An example 
of a suitable preparation is shown by Procedure H below. 

[0147] The aldehydes of Formula 2 can be made by conventional methods known to those skilled in the art, or 
methods for their preparation can readily be determined from the literature (See, for example, Ortiz, J. A. et a/., Eur. 

5 J. Med. Chem., 23: 477-482 (1988)). With regard to Scheme II, exemplary preparations include Vilismeyer-Haack 
formylation of heterocycles (FT = H) of Formula 1 (See, O. Meth-Cohn and S. P. Stanforth in Comprehensive Organic 
Synthesis: Selectivity, Strategy & Efficiency in Modem Organic Chemistry Vol 2, Pergamon, New York, 1991, C. H. 
Heathcock, Ed., p 777), metal-halogen exchange of bromo- or iodoheterocycles (R° = Br,l) of Formula 1 or lithiation 
of heterocycles of Formula 1 (FT = H) followed by treatment of aryl lithiums of Formula 1 1 with a formylating agent such 

10 as dimethylformamide (Ortiz, J. A. et al., Eur. J. Med. Chem., 23: 477-482 (1988)) or AAmethyl formani!ide.(See, D. 
Comins& S. P. Joseph in Encyclopedia of Reagents for Organic SynthesisVol 5, Wiley, New York, 1995, L. A. Paquette, 
Ed., p 3503), reduction of heterocyclic esters of Formula 12 (R = alkyl) or acids (R = H) to Formula 13 alcohols or 
aldehydes of Formula 2 (Nicolaou, K. C. et al., Angew. Chem. Int. Ed. Engl., 36: 166-7 (1997)) with reducing agents 
(Comprehensive Organic Synthesis: Selectivity, Strategy & Efficiency in Modem Organic Chemistry Vo\ 8, 1. Fleming, 

15 Ed., Pergamon, 1991 , New York) such as lithium aluminum hydride, diisobutylaluminum hydride, or borane and sub- 
sequent oxidation of alcohols of Formula 13 to aldehydes of Formula 2 using oxidizing agents (Comprehensive Organic 
Synthesis: Selectivity, Strategy & Efficiency in Modem Organic Chemistry\/o\ 7, S. V. Ley, Ed., Pergamon, 1991, New 
York) such as pyridinium chlorochromate, manganese dioxide, Swem reagent, and barium oxide, or halogenation of 
the aldehydes of Formula 14 using electrophilic halide sources such as N-halosuccinimide (R. M. Kellogg et al., J. Org. 

20 Chem., 33: 2902-2909 (1968)), AAfluoropyridinium salts (Umemoto, T. et al., J. Am. Chem. Soc, 112: 8563-75 (1990)), 
or elemental halogen (Ortiz, J. A. et al, Eur. J. Med. Chem., 23: 477-482 1988)). 

[0148] Alternatively, substitution of the heterocyclopyrroles of Formula 3 can be accomplished by analogous con- 
ventional methods known to those skilled in the art or substitution methods can readily be determined from the literature. 
For example, with regard to Scheme III, mono- and bis-halide substitution can be accomplished by treatment with an 

25 electrophilic halide source such as the AAhalosuccinimide, N-fluoropyridinium salts, or elemental halogen (Gale, W. 
W. era/., J. Org. Chem., 29: 2160-21 65 (1 964)) to produce heterocyclopyrroles of Formula 4 (R , ,R ,M = H and/or halide). 
Methyl substitution can be accomplished by Villsmeyer-Haack formylation to aldehydes of Formula 4 (R" = CHO) fol- 
lowed by complete reduction of the formyi group under various reducing conditions such as sodium cyanoborohydride 
in the presence of zinc iodide in dichloroethane (C. K. Lau et. al., J. Org. Chem., 51: 3038-3043 (1964)). Methyl and 

30 other alkyl substitution can also be accomplished by coupling Formula 3 bromo- or iodoheterocyclopyrroles (R = Br, I) 
with alkyl metals such as alkyl copper reagents (Corey, E. J. et al., J. Am. Chem. Soc. 89: 3911-12 (1967)). Alkenes 
and alkynes, in the presence of copper salts such as copper iodide (J. M. Tour et al., J. Org. Chem. 61: 6906-6921 
(1996); G. M. Whitesides era/., J. Org. Chem., 53: 2489-2496 (1988)), and alkenyl and alkynyl stannanes (Stille, J. 
K., Angew. Chem. Int. Ed. Engl., 25: 508-524 (1986)) can also be coupled to the bromo- or iodoheterocyclopyrroles of 

35 Formula 3 (R = Br, I) in the presence of a catalyst such as palladium. Palladium catalysts include but are not limited 
to palladium chloride, dichlorobis(triphenylphosphine)palladium (II), tetrakis(triphenylphosphine)palladium (0), and pal- 
ladium acetate. Other exemplary conditions useful for forming carbon bonds to aromatic rings are described by K. 
Tamao, D. W. Knight, and K. Sonogashira in Comprehensive Organic Synthesis: Selectivity, Strategy & Efficiency in 
Modem Organic Chemistry Vo\ 3 (Pergamon, New York, 1991, G. Pattenden, Ed., pp 435-551). Condensation of hy- 

40 droxylamine with formylated esters of Formula 4 (R'"=CHO) or acids of Formula 5 (R = CHO) can either directly (Ford, 
R. E. et al., J. Med. Chem., 29, 538-549 (1986)) or after a second dehydration step (Malicorne, G. era/., Eur. J. Med. 
Chem. Chim. Ther. 26: 3-11 (1991) afford nitriles. Alternatively, nitrile substitution can be accomplished by coupling 
cuprous cyanide to the bromo- or iodoheterocyclopyrroles of Formula 3 (R = Br, I) in dimethylformamide (Klemm, L. 
H. et al., J. Heterocyclic Chem., 21 : 785-9 (1984)). Other exemplary conditions useful for forming nitriles are described 

45 by R. Grashey in Comprehensive Organic Synthesis: Selectivity, Strategy & Efficiency in Modem Organic Chemistry 
Vol 6 (Pergamon, New York, 1991 , E. Winterfeldt, Ed., p 225). An example of a suitable nitrile preparation is Procedure 
G below. 

[0149] Alternatively the aformentioned methods of substituting the heterocyclopyrroles of Formula 3 can also be 
applied to the amides of Formulas 6 and 7. 
50 [0150] The coupling of an acid of Formula 5 (Scheme I) with an amine of Formula A (Scheme IV) or P (Scheme VII) 
to make a compound of the present invention can be accomplished in several ways, which are analogous to those well 
known to those skilled in the art. 

[0151] In a typical coupling procedure, the acid and amine are combined with a suitable coupling agent. A suitable 
coupling agent is an agent that transforms the carboxylic acid group into a reactive species such that an amide linkage 
55 is formed between the carboxylic acid and the amine. 

[0152] The coupling agent can provide for the coupling in a one pot process or several steps may be required to 
achieve the coupling. Examples of suitable coupling agents include l-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloridehydroxybenzotriazole (DEC/HBT), carbonyldiimidazole, dicyclohexylcarbodiimide/hydroxybenzotriazole, 
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2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline (EEDQ), carbonyldiimidazole/ HBT, propanephosphonic anhydride 
(propanephosphonic acid anhydride, PAA) and diethyiphosphorylcyanide. 

[01 53] The coupling reaction is generally performed in an inert solvent, preferably an aprotic solvent at a temperature 
of about -20°C to about 50°C for about 1 to about 48 hours, optionally in the presence of a tertiary amine such as 
triethylamine. Suitable solvents include acetonitrile, dichloromethane, ethyl acetate, dimethylformamide and chloro- 
form, or mixtures thereof. 

[0154] In an example of a multistep coupling process, the carboxylic acid group is reacted with the coupling agent 
to form an activated intermediate, which can be isolated in the first step of the process. In a second step, the activated 
intermediate is then reacted with the amine to form the amide. Examples of coupling agents that convert an acid to an 
activated intermediate include thionyl chloride, oxalyl chloride, which form acid chlorides, cyanuric fluoride, which forms 
acid flourides, or an alkyl chloroformate such as isobutyl or isopropenyl chloroformate (with a tertiary amine base), 
which forms a mixed anhydride of the carboxylic acid. If the coupling agent is oxalyl chloride, it is advantageous to 
employ a small amount of dimethylformamide as a cosolvent with another solvent such as dichloromethane to catalyze 
the formation of the acid chloride. The acid chloride may be coupled with the amine in an appropriate solvent and a 
suitable base. Acceptable solvent/base combinations include dichloromethane, dimethylforamide or acetonitirile, or 
mixture thereof in the presence of a tertiary amine base such as triethylamine. Other appropriate solvent/base combi- 
nations include water or a C r C 5 alcohol, or mixtures thereof, together with a cosolvent such as dichloromethane, 
tetrahydrof uran or dioxane, and a base such as sodium or potassium carbonate, sodium, potassium or lithium hydrox- 
ide, or sodium bicarbonate in sufficient quantity to consume the acid liberated in the reaction. Use of a phase transfer 
catalyst (typically 1 to 1 0 mole %) such as a quaternary ammonium halide (e.g., tetrabutylammonium bromide or methyl 
trioctylammonium chloride) is advantageous when a mixture of only partially miscible cosolvents is employed (e.g. 
dichloromethane-water or dichloromethane-methanol). Use of these coupling agents and appropriate selection of sol- 
vents and temperatures are known to those skilled in the art and can be readily determined from the literature. These 
and other exemplary conditions useful for coupling carboxylic acids with amines are described in Houben-Weyl, Vol. 
XV, part II, E. Wunsch, Ed., G. Thieme Verlag, 1974, Stuttgart, and M. Bodansky, Principles of Peptide Synthesis, 
Springer-Verlag Berlin 1984, and The Peptides: Analysis, Synthesis and Biology (ed. E. Gross and J. Meienhofer), 
Vols 1-5 (Academic Press, NY 1979-1983). 

[0155] The amines that are reacted with the carboxylic acid function group to make an amide of the present invention 
can be synthesized in a number of ways. With regard to Scheme IV, an alpha amino acid of Formula A can be protected 
on the amine nitrogen with an appropriate protecting group (Pr) to form a protected amino acid of Formula B. One 
skilled in the art can readily select an appropriate amine protecting group. For example, two common protecting groups 
are BOC, which is introduced by treating the amino acid with di-terf-butyldicarbonate, preferably in a protic solvent or 
a solvent mixture at high pH, and CBZ, which is introduced by treating the amino acid with benzylchloroformate, pref- 
erably in a protic solvent or a solvent mixture, and a base. The amine protected amino acid compound of Formula B 
is then coupled with an appropriate amine of the formula HNRR (where the R groups are consistent with the compounds 
of the present invention) in a procedure analogous to the coupling reaction set forth above to form a protected amide 
compound of Formula C. The protected amide of Formula C can then be deprotected to form an amide of Formula D. 
If the protecting group is BOC, the deprotection is typically done by treating the protected compound with an acid in 
an aprotic solvent. Suitable acids include HCI, CH3SO3H and trifluoroacetic acid. 

[0156] It may also be desired to make esters of the compounds of Formula A or B. With regard to Scheme V, the 
esters of compound A and B can be made by reacting the compound with an appropriate alcohol and an acid catalyst 
such as concentrated sulfuric acid or by treatment with an alkyl halide such as methyl idodide and a base such as 
potassium carbonate. Compounds of Formula E can also be made by protecting a compound of Formula A, and then 
forming the ester. Alternatively, compounds of Formula E can be made starting with a compound of Formula A, forming 
an ester, and then protecting the amine group. Analogous procedures for the formation and cleavage of esters and 
the protection of amine groups are well known to those skilled in the art. 

[0157] According to reaction Scheme VI, the compounds of Formula A when R b is not hydrogen can be prepared as 
follows. The Formula B amino acid can be prepared by N-alkylation of a compound of Formula G, which is an amine 
protected alpha amino acid. N-alkylation is well known in the art and can be accomplished using an appropriate alkylat- 
ing agent and a suitable base. Specific procedures for alkylation are described in Benoiton, Can. J. Chem., 55: 906-910 
(1985), and Hansen, J. Org. Chem., 50: 945-950 (1977). For example, when Rb is methyl, and Pr is BOC, sodium 
hydride and methyl iodide in tetrahydrofuran can be used. Deprotection of the compound of Formula B results in a 
compound of Formula A. 

[0158] Alternatively, a compound of Formula H can be N-alkylated by a three step sequence involving reductive 
benzylation, such as with benzaldehyde followed by Pd/C-catalyzed hydrogenation to give the mono-N-benzyl deriv- 
ative, and reductive amination with an appropriate carbonyl compound, for example formaldehyde and sodium cy- 
anoborohydride to introduce R b as methyl, to give the N-benzyl, substituted amino acid. The N-benzyl protecting group 
is conveniently removed, for example, by hydrogenation with an appropriate catalyst, to yield a compound of Formula 
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A. Specific conditions for the three step alkylation procedure are described by Reinhold er ai, J. Med. Chem., 11: 
258-260(1968). 

[0159] While many of the alpha amino acid starting materials are known, they can be synthesized by a number of 
procedures that are well known in the art. For example, the Strecker synthesis or variations thereof can be used. 
Accordingly, an aldehyde, sodium or potassium cyanide and ammonium chloride react to form an aminonitrile. It is 
noted that the aldehyde selected is determined by the desired amino acid. The aminonitirle is then hydrolyzed with a 
mineral acid to form the desired amino acid. Alternatively, the Bucherer-Berg method may be used where a hydantoin 
is formed by heating an aldehyde with ammonium carbonate and potassium cyanide followed by hydrolysis, for exam- 
ple, with barium hydroxide in refluxing dioxane, with acid or base to form the desired compounds. 
[0160] Suitable methods for the synthesis and/or resolution of compounds of Formula H (Scheme VI) (alpha amino 
acids) are found in reviews by Duthaler, Tetrahedron, 50: 1539-1650 (1994), or by Williams, Synthesis of Optically 
Active Amino Acids, Pergamon, Oxford, U.K. 1989. Another method is shown in Corey and Link, J. Am. Chem. Soc, 
114: 1906-1908(1992). 

[0161] The synthesis of the compounds of the present invention where Y is 




is accomplished by the coupling of an amide compound of Formula P (Scheme VII) with a blcylic pyrrolyl carboxylic 
acid of Formula 5. The procedure for the coupling can be carried out as described above. The synthesis of the amides 
of Formula P is illustrated by Scheme VII. To begin, a nitrogen protected amino aldehyde of Formula J is treated with 
potassium or sodium cyanide in aqueous solution with a cosolvent such as dioxane or ethyl acetate at a temperature 
of about 0°C to about 50°C to provide a compound of Formula K, which is cyanohydrin. The cyanohydrin of Formula 
K is then reacted with an alcohol such as methanol and a strong acid catalyst such as HCI at a temperature of about 
0°C to about 50°C, followed by the addition of water, if necessary. The protecting group is then removed, if still present, 
by an appropriate deprotection method yielding a compound of Formula L. For example, if the protecting group is BOC, 
the Formula L compound is directly formed from the Formula K compound, and addition of water is not necessary. The 
Formula L compound can be protected on the nitrogen to form a compound of Formula M followed by hydrolysis of the 
ester with aqueous alkali at a temperature of about 0°C to about 50°C in a reaction-inert solvent resulting in the cor- 
responding hydroxy acid of Formula N. The hydroxy acid of formula N is coupled to a suitable amine to form the 
protected amino amide of Formula O, which is then deptrotected to form a compound of Formula P. An analogous 
example of the conversion of a Formula K compound to the corresponding Formula L compound is provided in PCT 
publication WO/9325574, Example 1 a. Other analogous examples where a cyanohydrin is converted to a Formula M 
compound can be found in U.S. Patent number 4,814,342 and EPO publication 0438233. 

[0162] It may be desirable to have a certain stereochemistry at the alpha and beta positions of the compounds of 
Formula P. (The alpha position is the carbon atom containing the hydroxyl group.) The desired stereochemistry can 
be obtained by the use of a single stereo isomeric aldehyde of Formula J. The Formula K cyanohydrin can be prepared 
from the stereochemically pure aldehyde by treatment with sodium or potassium cyanide as described above while 
maintaining the stereochemistry of the chiral carbon of the aldehyde, resulting in a mixture of stereoisomers, which 
can be separated, as is well known to those skilled in the art by crystallization. See, for example, Biochemisrty, 31: 
8125-8141 (1992). Alternatively, isomer separation can be effected by chromatography or recrystallization techniques 
after conversion of a compound of Formula K to a compound of Formula L, M, N, O, or P by the procedures described 
herein and analogous to those well known in the art. 

[0163] With reference to Scheme VIII, the aminoaldehydes of Formula J can be made from the corresponding alpha 
amino acid of Formula Q. In one method, the alpha amino acid of Formula Q is protected on nitrogen and esterified to 
form a compound of Formula R. The compound of Formula R is reduced, for example, with diisobutylaluminum hydride 
in hexane or toluene, or a mixture thereof, at a temperature of about -78°C to about -50°C followed by quenching with 
methanol at -78°C as described in J. Med. Chem., 28: 1779-1790 (1985) to form the Formula J aldehyde. 
[0164] Alternatively, the Formula J aldehydes can be made by oxidation of Formula T alcohols, for example, with 
pyridine-S0 3 at a temperature of about -10°C to about 40°C in a reaction-inert solvent, preferably dimethylsulfoxide. 
The protected amino alcohols of Formula T, if not commercially available, can be made by the protection of aminoal- 
cohols of Formula S. The Formula S aminoalcohols are prepared by the reduction of amino acids of formula Q. The 
reduction can be accomplished by treating Formula Q amino acids with lithium aluminum hydride according to the 
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procedure described by Dickman etal, Organic Synthesis; Wiley: New York, 1990; Collect. Vol. VIII, p. 530. or with 
sulfuric acid-sodium borohydride by the procedure of Abiko and Masamune, Tetrahedron Lett, 333: 5517-5518 (1992) 
or with sodium borohydride-iodine according to the procedure of McKennon and Myers, J.Org. Chem., 58: 3568-3571 
(1993), where other suitable procedures are also reviewed. The preparation of the alpha amino acid and N-alkylated 
5 alpha amino acids has been described above. 

[0165] In addition, PCT publications WO 96/3985, published December 12,1996, and WO 96/39384, published De- 
cember 12,1996, contain further details and exemplifications of the processes of synthesizing aspects of the present 
compounds. 

w Equipment and General Procedures 

[0166] NMR spectra were recorded on a Bruker AM300 or Varian XL-400 spectrometer at about 23°C at 300 or 400 
MHz, respectively, for proton nuclei. Unless otherwise specified, NMR spectral data is reported for a 400 MHz spec- 
trometer. Routine mass spectral data were obtained using a VG/Fisons Instruments Platform II spectrometer operating 
15 with an Atmospheric Pressure Chemical Ionization (APCI) source. Melting points are uncorrected and were determined 
on a Thomas Hoover capillary melting point apparatus. Unless otherwise specified, reagents were used as obtained 
from commercial sources. The term "concentrated" refers to removal of solvent on a rotary evaporator. Exceptions in 
the use of the Procedures A-H are noted individually in parentheses, following mention of the procedure. 

20 GENERAL SYNTHETIC PROCEDURES 

Procedure A (Amide Formation Using 1-Hydroxybenzotriazofe Hydrate and H3-Dimethylamino-propyl)- 
3-ethylcarbodiimide Hydrochloride) 

25 [0167] A 0 °C 0.1-0.7 M mixture the primary amine (1 equiv, or a primary amine salt and 1 equiv of triethylamine per 
equiv HCI), 1 equiv of the specified carboxylic acid, and 1 equiv of 1-hydroxybenzotriazole hydrate (1 equiv relative to 
the carboxylic acid), in 3:1 dichloromethanerdimethylformamide is treated with 1 equiv 1-(3-dimethylamino-propyl)- 
3-ethylcarbodiimide hydrochloride. The mixture is allowed to warm to room temperature over several hours, stirred 
overnight, concentrated to remove the dichloromethane, and partitioned between ethyl acetate and 1-2 N HCI. The 

30 aqueous phase is extracted with ethyl acetate. The combined organic phases are washed with saturated aqueous 
NaHC0 3 , dried over MgS0 4? and concentrated giving crude product which is purified by chromatography on silica gel 
and/or recrystallization. 

Procedure B (Amide Formation Using 1-Hydroxy-7-azabenzotriazole Hydrate a nd H3-Dimethylamino-propyl)- 
35 3-ethylcarbodiimide Hydrochloride) 

[0168] A 0°C 0.1 -0.3 M mixture of the primary amine or primary amine salt (1 equiv), 1 equiv of triethylamine, 1 equiv 
of the specified carboxylic acid, and 1 equiv of l-hydroxy-7-azabenzotriazole (1 equiv relative to the carboxylic acid), 
in dimethylformamide is treated with 1 equiv (corresponding in mol ratio to the carboxylic acid) 1-(3-dimethylamino- 
40 propyl)-3-ethylcarbodiimide hydrochloride. The mixture is allowed to warm to room temperature over several hours, 
stirred overnight, and partitioned between ethyl acetate and 1-2 N HCI. The organic phase is washed with saturated 
aqueous NaHC0 3 , dried over MgS0 4 , and concentrated giving crude product which is purified by chromatography on 
silica gel. 

45 Procedure C (Amide Formation Using l-Hydroxy-7-azabenzotriazole Hydra te and H3-Dimethylamino-propy1)- 
3-ethylcarbodiimide Methiodide) 

[01 69] A 0.3 M mixture of the primary amine hydrochloride (1 equiv), 1 .2 equiv of triethylamine, 1 equiv of the specified 
carboxylic acid, and 1.2 equiv of 1-hydroxybenzotriazole hydrate in dimethylformamide is treated with 1.2 equiv 
so 1 -(3-dimethylamino-propyl)-3-ethylcarbodiimide methiodide. The mixture is stirred overnight and partitioned between 
ethyl acetate and 1 N NaOH. The organic phase is washed sequentially with 1 N HCI and water, dried over MgS0 4 , 
and concentrated giving crude product. 



55 



Procedure D (Hydrolysis of Ethyl Ester with Potassium Hydroxide) 

[0170] A 0.1-0.8 M suspension of the ethyl ester (1 equiv) and KOH (2 equiv) in water is heated at reflux for 1-7 h, 
allowed to cool to room temperature, stirred overnight, and extracted with ethyl acetate. The aqueous phase is acidified 
with 2 N HCI and extracted with ethyl acetate. The combined organic phases are dried over MgS0 4 , and concentrated 
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giving crude product which is purified by chromatography and/or washing with solvent. 
Procedure E (Hydrolysis of Ethyl Ester with Sodium Hydroxide) 



s [0171] A 0.1-0.8 M suspension of the ethyl ester (1 equiv) and 2 N NaOH (10 equiv) in methanol is heated at 65°C 
for 2 h, allowed to cool to room temperature, concentrated to remove the methanol, diluted with water, and extracted 
with ethyl acetate. The aqueous phase is acidified with 2 N HCI and extracted with ethyl acetate. The combined organic 
phases are dried over MgS0 4 , and concentrated giving crude product which is purified by recrystallization. 

10 Procedure F (Hydrolysis of Ethyl Ester with Lithium Hydroxide) 

[0172] A 0.1-0.3 M solution of the ethyl ester (1 equiv) and LiOH-H 2 0 (4-6 equiv) in 3:2:1 tetrahydrofuran: methanol: 
water is heated at 60-65°C overnight, allowed to cool to room temperature, concentrated to remove the tetrahydrofuran 
and methanol, and acidified with 1-2 N HCI. The resultant precipitate is filtered, washed with water, and dried in vacuo 
15 giving product. 

Procedure G (Nitrile Formation with Hydroxylamine Hydrochloride) 

[0173] A 0.1-0.2 M mixture of the aldehyde (1 equiv) and hydroxylamine hydrochloride (2.2-4 equiv) in dimethylfor- 
20 mamide is heated at 125°C overnight, allowed to cool to room temperature, and partitioned between ethyl acetate and 
water. The aqueous phase is extracted with ethyl acetate. The combined organic phases are washed with water, dried 
over MgS0 4 , and concentrated giving crude product which is purified by chromatography on silica gel. 

Procedure H (Annulation with Azido-acetic Acid Ethyl Ester) 

25 

[0174] A 0°C 0.6-1.2 M solution of sodium (3-4 equiv) in ethanol is treated with a mixture of the aldehyde (1 equiv) 
and azido-acetic acid ethyl ester (1 equiv relative to sodium) dropwise such that the reaction temperature was main- 
tained at 5-1 0°C. The reaction mixture is stirred for 1-2 h, quenched with cold saturated aqueous NH 4 CI, and extracted 
with ether. The combined organic phases are dried over MgS0 4 and concentrated. The residue is purified by chroma- 
30 tography on silica gel. A 0.1-0.2 M solution of the resultant acrylate in xylenes is heated at reflux for 20-60 min and 
allowed to cool to room temperature. The reaction solution is either cooled further to induce crystallization of the product 
or concentrated giving crude product which is purified by washing with hexanes and/or chromatography on silica gel. 

Example 1 

35 

6H-Thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-ylH2R)-hydroxy-3-oxo- 
propyl]-amide 

[0175] 6H-Thieno[2,3-b]pyrrole-5-carboxylic acid (Soth, S. ef a/., Buff. Soc. Chim. Fr., 2511-2515 (1975)) and (3S)- 
40 amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-(2R)-hydroxy-4-phenyl-butan-1-one were coupled according to Procedure 
A (4-(dimethylamino)pyridine (0.1 equiv) also added to the reaction mixture), 
mp 137-145°C; CIMS m/e 430.2 (MH + ). 

1 H NMR (DMSO-cfe) 5 11.67 (br s, 1H), 7.74 (d, J = 8.9 Hz, 1 H), 7.21 (m, 4H), 7.11 (m, 1 H), 6.96 (s, 3H), 5.03 (dd, J 
= 2.9, 7.5 Hz, 0.5H), 4.93 (m, 1 H), 4.87 (m, 0.5H), 4.80 (dd, J = 2.9, 7.5 Hz, 0.5H), 4.74 (br s, 0.5H), 4.40 (br s, 1 H), 
45 4.19(m, 1 H), 4.06 (dq, J = 3.2, 5.3 Hz, 0.5H), 3.99-3.87 (m, 1.5H), 3.54 (m, 1H), 3.38 (m, 0.5H), 3.25-3.06 (m, 2.5H), 
2.94-2.81 (m, 2H). 

Example 1a 

so [(1S)-Benzyl-3-((3R > 4S)-dihydroxy-pyrrolidin-1-yi)-(2R)-hydroxy-3-oxo-propyl]-carbamic acid benzyl ester 

[0176] (2R,3S)-3-Benzyloxycarbonylamino-2-hydroxy-4-phenyl-butyric acid (Takita, T. et ai, J. Med. Chem., 20: 
510-515 (1977)) and pyrrolidine-(3R,4S)-diol hydrochloride were coupled according to Procedure A (dimethylforma- 
mide reaction solvent concentrated to volume before work-up). 
55 CIMS m/e 415.2 (MH + ). 

1 H NMR (DMSO-cfe) 5 7.28-7.1 5 (m, 1 0H), 7.07-7.01 (m, 1 H), 4.94-4.75 (m, 4.5H), 4.65 (d, J = 7.7 Hz, 0.5H), 4.09-3.88 
(m, 4H), 3.51-3.38 (m, 1H), 3.27-3.07 (m, 3H), 2.83-2.63 (m, 2H). 
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Example 1b 

(3S)-Amino-H(3R,4S)-dihydroxy-pyrrolidin^ 

5 [0177] According to a procedure by Takita, T. etal. (J. Med. Chem., 20: 510-515 (1977)) a mixture of [(IS)-benzyl- 
3-((3R,4S)-dihydroxy-pyrrolidin-1-ylH2R)-hydroxy-3^xo-propyl]-carbamic acid benzyl ester (1.2 g, 2.9 mmol) and 
10% palladium on carbon (120 mg) in methanol (20 mL) was shaken under a hydrogen atmosphere (40-45 psi) on a 
Parr apparatus overnight, filtered through Celite®, and concentrated. The product was obtained as a sticky solid (1.0 
g, 100%). 

10 CIMS m/e 281.2 (MH + ). 

1 H NMR (DMSO-rf 6 ) 6 7.27-7 .13 (m, 5H), 4.95-4.80 (m, 3H), 3.93 (br s, 2H), 3.83 (dd, J = 3.3, 9.1 Hz, 1 H), 3.45-3.05 
(m, 6H), 2.99 (dq, J = 3.5, 6.3 Hz, 1H), 2.65 (m t 1 H), 2.50 (m, 1H). 

Example 2 

15 

2- Bromo-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hydroxy- 

3- oxo-propyl]-amide 

[0178] 2-Bromo-6H-thieno[2,3-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxy-pyrroiidin-1-yl) 
20 -(2R)-hydroxy-4-phenyl-butan-1-one were coupled according to Procedure A. 
mp 143-145°C; CIMS m/e 508.0/510.0 (MH + ). 

1 H NMR (DMSO-cfe) 5 11.72 (br s ( 1H), 7.84 (d, J = 9.1 Hz, 1 H), 7,22 (m, 5H), 7.11 (m, 1 H), 6.99 (s, 1H), 5.04 (d, J 
= 7.3 Hz, 0.5H), 4.95 (m, 1 H), 4.89 (d, J = 5.0 Hz, 0.5H), 4.80 (d, J = 7.7 Hz, 0.5H), 4.75 (d, J = 4.4 Hz, 0.5H), 4.40 
(m, 1 H), 4.19 (m, 1 H), 4.00-3.85 (m, 2H), 3.54 (m, 1H), 3.39 (dd, J = 4.9, 12.6 Hz, 0.5H), 3.22 (m, 1.5H), 3.16-3.06 (m, 
25 1H), 2.94-2.81 (m, 2H). 

Example 2a 

2-Bromo-6H-thieno[2,3-b]pyrrole-5-carboxylic acid 

30 

[0179] 2-Bromo-6H-thieno[2,3-b]pyrrole-5-carboxylic acid ethyl ester (Eras, J.; Galvez, C; Garcia, F., J. Heterocycl. 
Chem., 21: 215-217 (1984)) was hydrolyzed according to Procedure F. 
CIMS m/e 244.0/246.0 ((M-H)+). 

1 HNMR(DMSO-cfe)512.66(brs, 1H), 12.10 (brs, 1H), 7.22 (s, 1 H), 6.87 (d, J = 2.1 Hz, 1 H). 

35 

Example 3 

2- Methyl-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-ylH2R)-hydroxy- 

3- oxo-propyl]-amide 

40 

[0180] 2-Methyl-6H-thieno[2,3-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl) 
-(2R)-hydroxy-4-phenyl-butan-1-one hydrochloride were coupled according to Procedure A (1.5 equiv 1-hydroxyben- 
zotriazole hydrate, 1.1 equiv 1-(3-dimethylamino-propyl)-3-ethylcarbodiimide hydrochloride, 15:1 dichloromethane: 
dimethylformamide; combined organic phases washed with water prior to saturated aqueous NaHCQj). 
45 mp 154-157°C; CIMS m/e 442.2 ((M-H) + ). 

1 H NMR (DMSO-d 6 ) 8 11.58 (m, 1 H), 7.66 (d, J = 8.5 Hz, 1 H), 7.22-7. 1 0 (m, 5H), 6.86 (s, 1 H), 6.64 (s, 1 H), 5.03-4.73 
(m, 3H) t 4.38 (br s, 1 H), 4. 1 8 (m, 1 H), 3.98-3.88 (m, 2H), 3.53 (m, 1 H), 3.39-3.05 (m, 3H), 2.90-2.83 (m, 2H), 2.38 (s, 3H). 

Example 3a 

50 

2-Methyf-6H-thieno[2,3-b]pyrrole-5-carboxylic acid ethyl ester 

[0181] Using a procedure by C. K. Lau et. al. (J. Org. Chem., 51 : 3038-3043 (1 986)), a mixture of 2-formy!-6H-thieno 
[2,3-b]pyrrole-5-carboxylic acid ethyl ester (Soth, S. etal, Bull. Soc. Chim. Fr., 2511-2515 (1975); 50O mg, 2.24 mmol), 
55 2nl 2 (1 .08 g, 3.36 mmol), and NaBH 3 CN (1 .06 g, 1 6.8 mmol) in dichloroethane (25 mL) was stirred for 7 d and quenched 
with saturated aqueous NH 4 CI (25 mL). The resultant biphasic mixture was stirred for an additional 30 min, extracted 
with ethyl acetate, dried over Na 2 S0 4 , and concentrated. The product was purified by Chromatotron-chromatography 
(3:2 hexanes:ether) and obtained as a white foam (233 mg, 50%). 
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mp 107-109°C; CIMS m/e 208.3 (MH + ). 

1 H NMR (CDCI 3 ) 8 9. 1 3 (br s, 1 H), 6.94 (s, 1 H) f 6.61 (s, 1 H), 4.33 (q, J = 7. 1 Hz, 2H), 2.48 (s, 3H), 1 .36 (t, J = 7. 1 Hz, 3H). 
Example 3b 

2- Methyl-6H-thieno[2,3-blpyrrole-5-carboxylic acid 

[0182] 2-Methyl-6H-thieno[2,3-b]pyrroIe-5-carboxylic acid ethyl ester was hydrolyzed according to Procedure E. 
mp 180-182°C dec; CIMS m/e 180.1 ((M-H) + ). 

1 H NMR (DMSO-cfe) 8 12.36 (s, 1H), 11.93 (s, 1H), 6.77 (s, 1 H), 6.66 (s, 1H), 2.40 (s, 3H), 1.36 (t, J = 7.1 Hz, 3H). 
Example 3c 

[(1S)-Benzyl-3-((3R,4S)-dihydrox^ acid terf-butyt ester 

[0183] (2R,3S)-3-terf-Butoxycarbonylamino-2-hydroxy-4-phenyl-butyric acid and pyrrolidine(3R,4S)-diol hydrochlo- 
ride were coupled according to Procedure A (1.05 equivtriethylamine, 1.1 equiv carboxylic acid; 1.5 equiv 1-hydroxy- 
benzotriazole hydrate; 1 .1 equiv 1 -(3-dimethylamino-propyl)-3-ethylcarbodiimide hydrochloride; after dichloromethane 
removal, residue partitioned between ethyl acetate and 2 N NaOH; combined organic phases washed sequentially 
with 2 N HCI and.saturated NaCl). 
CIMS m/e 381 (MH + ). 

Example 3d 

(3S)-Amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-(2R)-hydroxy-4-phenyl-butan-1-one hydrochloride 

[0184] To a 0°C solution of [(1S)-benzyl-3-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-(2R)-hydroxy-3-oxo-propyl]-carbamic 
acid /erf-butyl ester (1.1 g t 2.9 mmol) in methanol (4 mL) was added 4 N HCI in dioxane (7.2 mL, 28.9 mmol). The 
solution was allowed to slowly warm to room temperature and stirred overnight. The reaction mixture was concentrated 
and the residue was washed with methanol and dried in vacuo. The product was obtained as a white solid (1.03 g, 
113%). 

CIMS m/e 281.2 (MH+). 
Example 4 

(±)-2-Methyf-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [1 -benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1 -yl)-2-oxo-ethyl]- 
amide 

[0185] 2-Methyl-6H-thieno[2,3-b]pyrrole-5-carboxylic acid and (±)-2-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 

3- phenyl-propan-1-one hydrochloride were coupled according to Procedure A (1.5 equiv 1-hydroxybenzotriazole hy- 
drate, 1.1 equiv 1-(3-dimethylamino-propyl)-3-ethylcaroodiimide hydrochloride, 15:1 dichloromethane :dimethylforma- 
mide; combined organic phases washed with water prior to saturated aqueous NaHCQj). 

mp 134-136°C; CIMS m/e 412.0 ((M-H) + ). 

1H NMR (DMSO-d 6 ) 5 11.60 (s, 1 H), 8.37 (m, 1 H), 7.27-6.98 (m, 6H), 6.65 (s, 1 H), 4.99-4.73 (m, 3H), 4.05-3.82 (m, 
2.5H), 3.40-2.87 (m, 5.5H), 2.38 (s, 3H). 

Example 4a 

(±)-[1-Benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-2-oxo-ethyl]-carbamic acid terf-butyl ester 

[0186] Boc-DL-Phenylalanine and pyrrolidine-(3R,4S)-diol hydrochloride were coupled according to Procedure A 
(1.5 equiv 1-hydroxybenzotriazole hydrate, 1.1 equiv 1-(3-dimethylamino-propyl)-3-ethylcarbodiimide hydrochloride, 
dichloromethane; 3 d reaction time). 
CIMS m/e 351.2 (MH + ). 

1 H NMR (CDCI3) 5 7.28-7.19 (m, 5H), 5.35 (m, 1H), 4.52 (m, 1 H), 4.1 4-3.99 (m, 1.5H), 3.78-3.63 (m, 1.5H), 3.46-3.34 
(m, 2H), 3.00-2.65 (m, 3H), 1.40 (s, 9H). 
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Example 4b 

(±)-2'Amino-1-((3R,4S)-dihydroxy'pyrrolidin-1-yl)-3-phenyl-propan>1'One hydrochloride 

5 [0187] To a 0°C solution of (±)-[1-benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-2-oxo-ethyl]-carbamic acid fert-butyl 
ester (6.5 g, 20 mmol) in methanol (8 mL) was added 4 N HCI in dioxane (50 mL, 200 mmol). The solution was allowed 
to slowly warm to room temperature and stirred overnight. The resultant white reaction mixture was diluted with ether 
and the precipitate was filtered, washed with ether, and dried in vacuo. The product was obtained as a white solid (5 
9, 87%). 

10 CIMS m/e 251.2 (MH + ). 

1 H NMR (300 MHz, DMSO-cfe) 5 8.28 (br s, 3H), 7.38-7.2 1 (m, 5H), 5. 1 1 -4.93 (m, 2H), 4.34-4.22 (m, 1 H), 3.96 (m, 1 H), 
3.81-3.70 (m, 1H), 3.89 (m, 0.5H), 3.47 (m, 0.5H), 3.33-2.85 (m, 4H), 2.63 (m, 1H). 

Example 5 

15 

2-Bromo-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2-oxo-ethyl]- 
amide 

[0188] 2-Bromo-6H-thieno[2,3-b]pyrrole-5-carboxylic acid and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 
20 3-phenyl-propan-1-one hydrochloride were coupled according to Procedure A (1.5 equiv 1-hydroxybenzotriazole hy- 
drate, 1.1 equiv 1-(3-dimethylamino-propyl)-3-ethylcarbodiimide hydrochloride, 25:1 dich!oromethane:dimethylforma- 
mide; combined organic phases washed with water prior to saturated aqueous NaHCO^). 
mp 140-142°C; CIMS m/e 477.9/479.9 (MH + ). 

1H NMR (DMSO-d 6 ) 5 11.73 (s, 1 H), 8.55 (d, J = 8.1 Hz, 1 H), 7.26-7.09 (m, 7H), 5.00 (br s, 0.5H), 4.91-4.85 (m, 
25 1.5H), 4.77 (m, 1 H), 4.07-3.93 (m, 1.5H), 3.83 (m, 1.5H), 3.41-3.25 (m, 1H), 3.13 (m, 2H), 3.00-2.87 (m, 2H). 

Example 5a 

[(1S)-Benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-2-oxo-ethyl]-carbamic acid fert-butyl ester 
30 A ^ 

[0189] Boc-L-Phenylalanine and pyrrolidine-(3R,4S)-dio! hydrochloride were coupled according to Procedure A ( 1 .5 
equiv 1-hydroxybenzotriazole hydrate, dichloromethane; reaction mixture diluted with ethyl acetate and washed se- 
quentially with 1 N NaOH, 1 N HCI, and saturated sodium chloride prior to drying). 
CIMS m/e 351.2 (MH + ). 

35 1H NMR (DMSO-oy 5 7.25-7.13 (m, 5H), 7.06 (dd, J = 8.4, 13.6 Hz, 1H), 4.98 (d, J = 5.4 Hz, 0.5H), 4.91 (d, J = 5.0 
Hz, 0.5H), 4.84 (m, 1H), 4.25 (dd, J = 8.5, 14.3 Hz, 1H), 4.02 (m, 0.5H), 3.94 (m, 0.5H), 3.79 (m, 1 H), 3.68 (dd, J = 
5.9, 10.1 Hz, 0.5H), 3.38 (dd, J = 5.3,12.2 Hz, 0.5H), 3.27-3.10 (m, 3H), 2.83-2.67 (m, 2H), 1.27 (s, 5H), 1.25 (s, 4H). 

Example 5b 

40 

(2S)-Amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-3-pheny1-propan-1-one hydrochloride 

[0190] To 4 N HCI in dioxane (120 mL, 480 mmol) was added [(1S)-benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 
2-oxo-ethyl]-carbamic acid fert-butyl ester (27 g, 77 mmol). The solution was stirred 2.5 h and concentrated. The 
45 product was obtained as a white solid (21 .5 g, 98%). 
CIMS m/e 251.0 (MH + ). 

*H NMR (DMSO-d 6 ) 68.33 (brs, 3H), 7.32-7.16 (m, 5H), 5.10-4.86 (m, 2H), 4.25-4.13 (m, 1 H), 3.93 (m, 1H), 3.73-3.66 
(m, 1H), 3.54 (m, 0.5H), 3.46-3.23 (m, 1.5H), 3.18-3.05 (m, 2H), 3.00 (m, 0.5H), 2.91-2.79 (m, 1 H), 2.57 (dd, J = 5.6, 
10.0 Hz, 0.5H). 

50 

Example 6 

2- Chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-(2R)-hydroxy- 

3- oxo-propyl]-amide 

55 ~ 

[0191] 2-Chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl) 
-(2R)-hydroxy-4-phenyl-butan-1-one hydrochloride were coupled according to Procedure A (1.5 equiv 1-hydroxyben- 
zotriazole hydrate, 1.1 equiv 1-(3-dimethylamino-propyl)-3-ethylcarbodiimide hydrochloride, 25:1 dichloromethane: 
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dimethylformamide; combined organic phases washed with water prior to saturated aqueous NaHCQj). 
mp 148-152°C; CIMS m/e 464.0/465.9 (MH + ). 

*H NMR (DMSO-cfe) 811.71 (m, 1H), 7.84 (d, J = 8.9 Hz, 1 H), 7.23-6.98 (m, 7H), 5.05-4.74 (m, 3H), 4.39 (m, 1H), 4.20 
(m, 1H), 4.02-3.88 (m, 2H), 3.54 (m, 0.5H), 3.41-3.06 (m, 3.5H), 2.94-2.83 (m, 2H). 

Example 6a 

2-Chloro-6H-thienof2 t 3-b]pyrrole-5-carboxylic acid ethyl ester 

[0192] Using a modified procedure by R. M. Kellogg et at. (J. Org. Chem., 33: 2902-290 (1968)), to a 0°C solution 
of 6H-thieno[2,3-b]pyrrole-5-carboxylic acid ethyl ester (Eras, J.; Galvez, C; Garcia, R, J. Heterocycl. Chem., 21: 
215-217 (1984); 1.45 g, 7.44 mmol) in acetic acid (15 mL) and CHCI 3 (15 mL) was added AAchlorosuccinimide (1.04 
g, 7.81 mmol) over 2 h. The reaction mixture was slowly allowed to warm to room temperature over several hours, 
stirred overnight, concentrated to remove the chloroform, diluted with water, basified with 5 N NaOH, and extracted 
with ethyl acetate. The combined organic phases were washed with saturated aqueous NaHC0 3 , dried over MgS0 4 , 
and concentrated. The product was purified by chromatron chromatography (radial) using 90:10 hexanes/diethyl ether 
and then then then the product obtained was recrystallized using hexanes/diethyl ether (90:10). Last, the product of 
the recrystallization was further purified by flash column chromatography using 90:10 petroleum ether/isopropyl ether. 
The resulting product was obtained as a white solid (824 mg, 48%). 
CIMS m/e 228.2/230.2 ((M-H) + ). 

' H NMR (CDC1 3 ) 5 9.28 (br s, 1 H), 6.98 (d, J = 1 .9 Hz, 1 H), 6.88 (s, 1 H), 4.33 (q, J = 7.2 Hz, 2H), 1 .35 (t, J = 7.2 Hz, 3H). 
Example 6b 

2-Chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid 

[0193] 2-Chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid ethyl ester was hydrolyzed according to Procedure D (re- 
action heated at 85 °C). 
CIMS m/e 200.1/202.1 ((M-H) + ). 

1H NMR (DMSO-cfe) 5 12.66 (br s, 1H), 12.08 (s, 1H), 7.11 (d, J = 1.9 Hz, 1 H), 6.86 (t, J = 2.1 Hz, 1 H). 
Example 7 

2- Chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid K1S)-benzyl-2-((3R t 4S)-dihydroxy-pyrrolidin-1-yl)-2-oxo-ethvl1- 
amtde ~ " " * 

[0194] 2-Chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 

3- phenyl-propan-1-one hydrochloride were coupled according to Procedure A (1.5 equiv 1 -hydroxybenzotriazole hy- 
drate, 1.1 equiv 1-(3-dimethylamino-propyl)-3-ethylcarbodiimide hydrochloride, 25:1 dichloromethane:dimethylforma- 
mide; combined organic phases washed with water prior to saturated aqueous NaHCQj). 

mp 142-145°C; CIMS m/e 432.1/434.2 ((M-H) + ). 

1 H NMR (DMSO-cfe) 8 1 1 .72 (m, 1 H), 8.55 (d, J = 8.5 Hz, 1 H), 7.28-7. 1 0 (m, 7H), 5.00 (d, J = 5.2 Hz, 0.5H), 4.99-4.70 
(m, 2.5H), 4.09-3.76 (m, 2.5H), 3.41-3.24 (m, 2H), 3.13 (m, 1.5H), 3.02-2.87 (m, 2H). 

Example 8 

2,4-Dichloro-6H-thienof2,3-b1pyrrole-5-carboxylicacid [(1S)-benzyl-3-((3R,4S)-dihydroxv-pyrrolidin-1-vlH2R)- 
hydroxy-3-oxo-propyn-amide 

[0195] 2,4-Dichloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxy-pyrrolidn-1-yl) 
-(2R)-hydroxy-4-phenyl-butan-1-one hydrochloride were coupled according to Procedure A (1.5 equiv 1 -hydroxyben- 
zotriazole hydrate, 1.1 equiv 1-(3-dimethylamino-propyl)-3-ethylcarbodiimide hydrochloride, 25:1 dichloromethane: 
dimethylformamide, 0.06 M). 

mp 130-134°C (dec); CIMS m/e 496.2/498.2 ((M-H) + ). 

1 H NMR (DMSO-c/ 6 ) 5 12.13 (br s, 1H), 7.40-7.15 (m, 7H), 5.51 (d, J = 5.8 Hz, 0.5H), 5.38 (d, J = 6.3 Hz, 0.5H), 4.99 
(d, J = 4.9 Hz, 1 H), 4.92 (d, J = 4.8 Hz, 0.5H), 4.85 (d, J = 4.1 Hz, 0.5H), 4.55-4.40 (m, 1 H), 4.26 (m, 1 H), 4.08-3.90 
(m, 2H), 3.56-2.89 (m, 6H). 
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Example 8a 

2 ) 4-Dichloro-6H-thieno[2,3-bIpyrrole-5'Carboxylic acid ethyl ester 

[0196] To a 0°C solution of 6H-thieno[2,3-b]pyrrole-5-carboxylic acid ethyl ester (180 mg, 0.92 mmol) in acetic acid 
(2 mL) and CHCI 3 (2 mL) was added AAchlorosuccinimide (294 mg, 2.2 mmol) over 30 min. The reaction mixture was 
slowly allowed to warm to room temperature over several hours, stirred overnight, concentrated to remove the chlo- 
roform, diluted with water, basified with 5 N NaOH, and extracted with ethyl acetate. The combined organic phases 
were washed with saturated aqueous NaHC0 3 , dried over MgS0 4 , and concentrated. The product was purified by 
Chromatron-chromatography (4:1 hexanes:ether) and obtained as a white solid (180 mg, 74%). 
mp 166-167°C; CIMS m/e 262.1/264.1 ((M-H) + ). 

1 H NMR (300 MHz, CDCI 3 ) 5 9.21 (br s, 1 H), 6.90 (s, 1 H), 4.37 (q, J = 7.2 Hz, 2H), 1 .39 (t, J = 7.2 Hz, 3H). 
Example 8b 

2,4-Dichloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid 

[0197] 2,4-Dichloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid ethyl ester was hydrolyzed according to Procedure E 
(reflux for 12 h before allowing to cool to room temperature; acidification with concentrated HCI; no purification) 
CIMS m/e 234.0/236.0 ((M-H)+). 
1 H NMR (DMSO-oy5l2.28(brs, 1H), 7.17 (s, 1H). 

Example 9 

(±)-4H-Thie nof3,2-b1pyrrole-5-carboxylic acid f1-benzyl-2-<(3R,4S)-dihydroxvpyrrolidin-1-yl)-2-oxo-ethyl]-amide 

[0198] 4H-Thieno[3,2-b]pyrrole-5-carboxylic acid (Soth, S.; Famier, M.; Paulmier, C, Can. J. Chem. 56, 1429-34 
(1978)) and (±)-2-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-3-phenyl-propan-1-one hydrochloride were coupled ac- 
cording to Procedure A (9:1 dichloromethane:dimethylformamide, 0.06 M; combined organic phases washed with 2 N 
NaOH, dried over Na 2 S0 4 ). 
mp 212°C; CIMS m/e 400.1 (MH+). 

1H NMR (DMSO-cfe) 5 11.59 (m, 1 H), 8.51 (d, J = 8.5 Hz, 1 H), 7.36 (d, J = 5.2 Hz, 1H), 7.30-7.11 (m, 5H), 6.92 (m, 
1 H), 5.01 (d, J = 5.0 Hz, 0.5H), 4.92 (d, J = 4.8 Hz, 0.5H), 4.87-4.76 (m, 2H), 4.04-3.93 (m, 1 H), 3.83 (m, 1.5H), 
3.43-3.25 (m, 2.5), 3.13 (m, 1 H), 3.03-2.86 (m, 2H). 

Example 10 

2- Bromo-4H-thienor3,2-b1pv rrole-5-carboxvlic acid r(1S)-benzyl-3-((3R,4S)-dihydroxvpyrrolidin-1-ylH2R)-hydroxy- 

3- oxo-propyl]-amtde 

[0199] 2-Bromo-4H-thieno[3 t 2-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin<1-yl) 
-(2R)-hydroxy-4-phenyl-butan-1-one hydrochloride were coupled according to Procedure B (1.5 equiv 1-hydroxy- 
7-azabenzotriazole hydrate, 1.1 equiv 1-(3-dimethylamino-propyl)-3-ethylcarbodiimide hydrochloride, 25:1 dichlo- 
romethane:dimethylformamide; reaction mixture stirred for 5 d, concentrated to remove dichloromethane before work- 
up; combined organic phases washed with water prior to saturated aqueous NaHCO^). 
mp 138-143°C; CIMS m/e 508.0/510.0 (MH + ). 

1 HNMR(DMSO-c/ 6 )511.68(m > 1H), 7.86(d,J = 9.1 Hz,1H), 7.25-7.18 (m, 4H), 7.12-7.08(m, 2H), 7.02(s, 1 H), 5.05 
(d, J = 7.5 Hz, 0.5H), 4.95 (m, 1H), 4.88 (d, J = 5.0 Hz, 0.5H), 4.81 (d, J = 7.5 Hz, 0.5H), 4.75 (d, J = 3.5 Hz, 0.5H), 
4.46-4.37 (m, 1H), 4.20 (m, 1 H), 4.08-3.85 (m, 2H), 3.54 (m, 1H), 3.40-3.05 (m, 3H), 2.95-2.81 (m, 2H). 

Example 10a 

2-Bromo-4H-thieno[3 > 2-bIpyrrole-5-carboxylic acid 

[0200] 2-Bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid ethyl ester (Eras, J.; Galvez, C; Garcia, R, J. HeterocycL 
Chem., 21 : 215-217 (1984)) was hydrolyzed according to Procedure D (after cooling to room temperature, acidification 
with 2 N HCI; resultant precipitate filtered, suspended in toluene, concentrated; no purification) 
CIMS m/e 244.0/246.0 ((M-H) + ). 
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1 H NMR (DMSO-d 6 ) 5 12.63 (s, 1 H), 12.04 (s, 1 H), 7.13 (s, 1H), 6.97 (s, 1H). 
Example 11 

4H-Thieno[3,2-blpvrrole- 5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hydroxy-3-oxo- 
propy1]-amide 

[0201] 4H-Thieno[3,2-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-4-phenyl-butan-1-one hydrochloride were coupled according to Procedure A (combined organic phases washed 
with 2 N NaOH, dried over Na 2 S0 4 ). 
mp 185-190°C; CIMS m/e 430.1 (MH + ). 

'H NMR (DMSO-oy 5 11.57 (s t 0.5H), 11.53 (s, 0.5H), 7.80 (d, J = 8.9 Hz, 1H), 7.32 (dd, J = 0.9, 5.3 Hz, 1 H), 7.23 
(m, 4H), 7.12 (m, 1H), 7.07 (s, 1 H), 6.91 (m, 1 H), 5.06 (d, J = 7.3 Hz, 0.5H), 4.96 (m, 1 H), 4.89 (d, J = 5.2 Hz, 0.5H), 
4.82 (d, J = 7.5 Hz, 0.5H), 4.76 (d f J = 4.2 Hz, 0.5H), 4.45-4.38 (m, 1H), 4.21 (m, 1 H), 4.01-3.86 (m, 2H), 3.55 (m 1 
H), 3.40 (dd, J = 4.9, 12.6 Hz, 0.5H), 3.23 (m, 1 .5H), 3. 1 7-3.07 (m, 1 H), 2.97-2.83 (m, 2H). 

Example 12 

(±)-2-Bromo-4H-furor3,2-bl pyrrole-5-carboxylic acid [1-benzyl-2-((3R,4S)-dihydroxypvrrolidin-1-yl)-2-oxo-ethvn- 
amide ~ 

[0202] 2-Bromo-4H-furo[3,2-b]pyrrole-5-carboxylic acid and (±)-2-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 
3-phenyl-propan-1-one hydrochloride were coupled according to Procedure A (1:1 dichloromethane:dimethylforma- 
mide; reaction mixture stirred for 3 d; combined organic phases washed with 2 N NaOH, dried over Na?S0 4 ) 
mp 100-101 °C (dec); CIMS m/e 462.2/464.1 (MH + ). 

1H NMR (DMSO-cfe) 8 11.33 (m, 1H), 8.41 (dd, J = 2.8,8.2 Hz, 1H), 727-7.18 (m, 4H), 7.13 (m, 1H), 6.93 (d, J = 5.8 
Hz, 1H), 6.69 (d, J = 0.8 Hz, 1H), 4.98-4.75 (m, 3H), 3.99 (m, 0.5H), 3.93 (m, 0.5H), 3.81 (m, 1.5H), 3.17-3.21 (m, 
2.5H), 3.12 (m, 1 H),-3.00-2.82 (m, 2H). 

Example 12a 

2-Bromo-4H-furo[3,2-b]pyrrole-5-carboxylic acid 

[0203] 2-Bromo-4H-furo[3,2-b]pyrrole-5-carboxylic acid ethyl ester (Krutosikova, A.; Kovac, J.; Dandarova, M.; 
Lesko, J.; Fertk, S. f Collect Czech, Chem. Commun., 46: 2564-2573 (1981)) was hydrolyzed according to Procedure 
E (4 equiv 2 N NaOH, ethanol; reflux 5h, room temperature overnight; after concentration to remove ethanol, residue 
partitioned between ethyl acetate and 2 N HCI; combined organic phases dried over NagSO^ no purification) 
1 H NMR (DMSO-cfe) 5 12.47 (br s, 1H), 11.67 (s, 1H), 6.76 (d, J = 0.8 Hz, 1H), 6.67 (t, J = 0.8 Hz, 1 H). 

Example 13 

2- Bromo-4H-furo[3,2-b]pyrr ole-5-carboxvlic acid r(1S)-benzyl-3-((3R t 4S)-dihydroxvpvrrolidin-1-yl)-(2R)-h vdroxv- 

3- oxo-propvll-amide 

[0204] 2-Bromo-4H-furo[3 1 2-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-ylH2R)- 
hydroxy-4-phenyl-butan-1-one hydrochloride were coupled according to Procedure A (2:1 dich!oromethane:dimethyl- 
formamide; reaction mixture stirred for 3 d; combined organic phases washed with 2 N NaOH, dried over Na?S0 4 ) 
mp 112-123°C (dec); CIMS m/e 492.1/494.1 (MH + ). *" 
'H NMR (DMSO-cfe) 5 11.31 (s, 0.5H), 11.27 (s, 0.5H), 7.71 (d, J = 8.7 Hz, 1 H), 7.25-7.18 (m, 4H), 7.11 (m, 1H), 6.81 
(s, 1 H), 6.68 (d, J = 2.9 Hz, 1H), 5.05-4.73 (m, 3H), 4.44-4.34 (m, 1H), 4.17 (br s, 1H), 3.98-3.85 (m, 2H), 3.56-3 48 
(m, 1 H), 3.40-3.06 (m, 3H), 2.94-2.80 (m, 2H). 

Example 14 

6H-Thieno[2,3-b]pyrrole-5-c arboxylic acid r(1S)-benzyl-2-((3R t 4S)-dihydroxypyrrolidin-1-yl)-2-oxo-ethyll-amide 

[0205] 6H-Thieno[2,3-b]pyrrole-5-carboxylic acid and (2S)-amino-1-((3R,4S)-dihydroxypyrrolidin-1-yl)-3-phenyl- 
propan-1-one hydrochloride were coupled according to Procedure A (1.5 equiv 1-hydroxybenzotriazole hydrate, 1.1 
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equiv 1-(3-dimethylamino-propyl)-3-ethytcarbodiirTiide hydrochloride, 15:1 dichloromethane:dimethylformamide; reac- 
tion mixture stirred for 3 d; after saturated aqueous NaHC0 3 , combined organic phases washed with water, dried over 
Na 2 S0 4 ). 

mp 179-184°C; CIMS m/e 400.1 (MH + ), 398.2 ((M-H) + ). 

1 H NMR (300 MHz, DMSO-cfe) 8 11.79 (br s 1H), 8.52 (d, J = 8.3 Hz, 1H), 7.34-7.16 (m, 6H), 7.04 (m, 2H), 5.04 (d, J 
= 5.1 Hz, 0.5H), 4.96 (d, J = 4.9 Hz, 0.5H), 4.90-4.80 (m, 2H), 4.09-3.98 (m, 1 H), 3.89 (m, 1.5H), 3.49-3.29 (m, 2.5H), 
3.19 (m, 1 H), 3.08-2.91 (m, 2H). 

Example 15 

2- Bromo-4H-thieno[3 > 2-b]pyrrole-5-carboxylic acid [(1 S)-benzyl-2-((3R,4S)-dihydroxy-pyrrondin-1 -yl)-2-oxo-ethyl]- 
amide 

[0206] 2-Bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 

3- phenyl-propan-1-one hydrochloride were coupled according to Procedure A (1.5 equiv 1-hydroxybenzotriazole hy- 
drate, 1.1 equiv 1-(3-dimethylamino-propyi)-3-ethylcarbodiimide hydrochloride, 25:1 dichloromethane:dimethylforma- 
mide; reaction mixture stirred for 3 d; combined organic phases washed with water prior to saturated aqueous NaHC0 3 , 
dried over Na 2 S0 4 ). 

mp 140-143°C; CIMS m/e 476.1 /478.0 ((M-H) + ). 

1 H NMR (300 M Hz, DMSOcfe) 8 1 1 .73 (m, 1 H), 8.61 (d, J = 8.3 Hz, 1 H), 7.34-7. 1 5 (m, 6H), 5.05-4.84 (m, 3H), 4. 1 5-3.85 
(m, 2.5H), 3.48-2.95 (m, 5.5H). 

Example 16 

2- Methyl-4H-thienof3 t 2-b1pyrrole-5-carboxylic acid [(1 S)-benzyl-2-((3R,4S)-dihydroxy-pvrrolidin-1 -yl)-2-oxo-ethyl]- 
amide ~~ ^ 

[02071 2-Methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 

3- phenyl-propan-1-one hydrochloride were coupled according to Procedure A (1.5 equiv 1-hydroxybenzotriazole hy- 
drate, 1.1 equiv 1-(3-dimethylamino-propyl)-3-ethylcarbodiimide hydrochloride, 25:1 dichloromethane:dimethylforma- 
mide; reaction mixture stirred for 3 d; combined organic phases washed with water prior to saturated aqueous NaHC0 3 , 
dried over NagSC^). 

mp 128-130°C; CIMS m/e 412.2 ((M-H) + ), 414.1 (MH+). 

1 H NMR (DMSO-rf 6 ) 8 11.40 (m, 1 H), 8.38 (m, 1 H), 7.37-7.05 (m, 6H), 6.65 (s, 1 H), 4.97 (d, J = 5.2 Hz, 0.5H), 4.90-4.76 
(m, 2.5H), 4.07-3.82 (m, 2.5H), 3.42-3.25 (m, 2 H), 3.13 (m, 1.5H), 3.01-2.87 (m, 2H), 2.44 (d, J = 1 Hz, 3H). 

Example 16a 

2-Methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid ethyl ester 

[0208] 5-Methyl-2-thiophenecarboxaldehyde was annulated according to Procedure H (acrylate organic phases dried 
over Na 2 S0 4 ). 

mp 129-130°C; CIMS m/e 208.2 ((M-H) + ), 210.2 (MH + ). 

1 H NMR (CDCI 3 ) 8 8.90 (br s, 1 H), 7.04 (s, 1 H), 6.63 (s, 1 H), 4.33 (q, J = 7.1 Hz, 1 H), 2.54 (s, 3H), 1.36 (t, J = 7.2 
Hz, 3H). 

Example 16b 

2-Methyl-4H-thieno[3 ) 2-b]pyrrole-5-carboxylic acid 

[0209] 2-Methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid ethyl ester was hydrolyzed according to Procedure D (after 
cooling to room temperature, acidification with 2 N HCI, extracted with ethyl acetate; organic phases dried over Na 2 S0 4 ; 
no purification). 
CIMS m/e 180.2 ((M-H) + ). 

1 H NMR (300 MHz, DMSO-cfe) 8 12.35 (br s, 1H), 11.72 (s, 1H), 6.95 (s, 1H), 6.73 (s, 1 H), 2.51 (s, 3H). 



46 



EP 1 088 824 B1 



Example 17 

2,4-Dichloro-6H-thieno[2,3-b1pyrrole-5-carboxylic acid acid [(ISj-benzyl^taR^SHihydroxy-pyrrolidin-l-yl^oxo- 
ethyl]-amide 

[0210] 2,4-Dichloro-6H-thieno[2,3-b]pyrrole-5-caitoxylic acid and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrotidin-1-yl)- 
3-pheny!-propan-1-one hydrochloride were coupled according to Procedure A (1.5 equiv 1-hydroxybenzotriazole hy- 
drate, 1.1 equiv 1-(3-dimethylamino-propyl)-3-ethylcarbodiimide hydrochloride, 25:1 dichloromethanerdimethylforma- 
mide; 2 d reaction time; combined organic phases washed with water prior to saturated aqueous NaHC0 3 , dried over 
Na 2 S0 4 ). 

mp 203-204°C; CIMS m/e 468.1/470.1 (MH + ). 

1 H NMR (DMSO-cf 6 ) 5 1 2.20 (s, 1 H), 7.65-7.58 (m, 1 H), 7.28-7.08 (m, 6H), 5.04 (d, J = 3.3 Hz, 1 H), 4.98-4.80 (m, 3H), 
4.08-3.95 (m, 1 H), 3.91-3.74 (m, 2H), 3.26-3.10 (m, 2H), 3.10-2.88 (m, 2H). 

Example 18 

2-Cyano-6H-thieno[2,3-b]pyrrofe-5-carboxylic acid [(1S)-benzyl-2-(3-hydroxy-azetidin-1-yl)-2-oxo-ethyl]-amide 

[0211] 2-Cyano-6H-thieno[2,3-b]pyrrole-5-carboxylic acid and (2S)-amino-1-(3-hydroxyazetidin-1-yl)-3-phenyl-pro- 
pan-1-one hydrochloride were coupled according to Procedure B. 
CIMS m/e 395.1 (MH + ). 

1 H NMR (DMSO-cfe) 5 12.09 (s, 1H), 8.74 (d, J = 8.5 Hz, 1H), 7.99 (s, 1 H), 7.29-7.12 (m, 6H), 5.68 (m, 1H), 4.58 (m, 
1 H), 4.41 (m, 1 H), 4.28 (m, 0.5H), 4. 1 1 -3.90 (m, 2H), 3.69 (m, 0.5H), 3.57-3.49 (m, 1 H), 3.01 -2.88 (m, 2H). 

Example 18a 

2-Cyano-6H-thieno[2,3-b]pyrrole-5-carboxylic acid 

[0212] 2-Formyl-6H-thieno[2,3-b]pyrrole-5-carboxylic acid (Soth, S. et ai, Bull. Soc. Chim. Fr. % 2511-2515 (1975)) 
was treated with hydroxylamine hydrochloride according to Procedure G (100°C for 13 h, 125°C for 7 h; after cooling 
to room temperature, concentration gave crude product). 
CIMS m/e 190.9 ((M-H) + ). 

1 H NMR (DMSOcfe) 5 13.03 (br s, 1 H), 12.39 (br s, 1H), 7.97 (s, 1 H), 7.04 (s, 1H). 
Example 19 

2-Chloro-6H-thieno[2 l 3-b1pyrrole-5-carboxylic acid [( 1 S)-benzyi-2-morpholin-4-yl-2-oxo-ethyl]-amide 

[021 3] 2-Chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid and (2S)-amino-1 -morpholin-4-yl-3-phenyl-propan-1 -one 
hydrochloride (See, for example, Suzuki, K.; Fujita, H.; Sasaki, Y; Shiratori, M.; Sakurada, S.; Kisara, K,. Chem. Pharm. 
Bull., 36, 4834-40 (1988)) were coupled according to Procedure C (solution of product in ethyl acetate washed with 
water, dried over MgS0 4 , concentrated), 
mp 108-110°C; CIMS m/e 416.3/418.2 ((M-H) + ). 

1 H NMR (DMSO-oy 5 11.84 (m, 1H), 8.65 (d, J = 8.2 Hz, 1 H) 7.39-7.13 (m, 7H), 5.08 (q, J = 7.6 Hz, 1 H), 3.60-3.30 
(m, 7H), 3.23 (m, 1 H), 3.09-2.95 (m, 2H). 

Example 20 

2-Chloro-6H-thieno[2 l 3-b]pyrrole-5-carboxylic acid [( 1 S)-dimethytcarbamoyl-2-phenyl-ethyl]-amide 

[021 4] 2-Chloro-6H-thteno[2,3-b]pyrrole-5-carboxylic acid and (2S)-amino-/V, AAdimethyl-3-phenyl-propionamide tri- 
fluoroacetate (See, for example, Holladay, M. et al., J. Med. Chem., 37: 630-5 (1994)) were coupled according to 
Procedure C (product washed with ethyl acetate), 
mp 234-235°C; CIMS m/e 374.2/376.2 ((M-H) + ). 

1 H NMR (DMSO-cfe) 8 11.72 (s, 1H), 8.53 (d, J = 8.1 Hz, 1H), 7.23 (m, 4H), 7.13 (m, 3H), 5.01 (m, 1H), 3.01-2.88 (m, 
5H), 2.78 (s, 3H). 
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Example 21 

2-Chloro-6H-thienof2 t 3-b]pyrrole-5-carboxylic acid [(1 S)-benzyl-2-(1 .l-dioxo-l-thiazolidin-S-yO-a-oxo-ethyll-amide 

5 [0215] 2-Chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid and (2S)-amino-1-(1 l 1-dioxo-1-thia2o!idin-3-yl)-3-phenyl- 
propan-1-one hydrochloride (W096/39384, Example 40a) were coupled according to Procedure C (solution of product 
in ethyl acetate washed with water, dried over MgS0 4 , concentrated), 
mp 125-129°C; CIMS m/e 450.2/452.2 ((M-H)+). 

1H NMR (300 MHz, DMSO-d 6 ) 5 11.80 (m 1H), 8.75 (dd, J = 8.1, 12.9, 1H), 7.36 (m, 2H), 7.26-7.14 (m, 5H), 5.08-4.97 
10 (m, 1 H), 4.81 (m, 0.5H), 4.63 (d, J = 11 .4, 0.5H), 4.55 (d, J = 12.5, 0.5H), 4.45 (d, J = 12.4, 0.5H), 4.25 (m, 1 H), 3.90-3.75 
(m, 1H), 3.55-3.35 (m, 2H), 3.05 (m, 2H). 

Example 22 

15 1-{(2S)-[(2-Chioro-6H-thieno[2,3-b]pyrrole-5-carbonyl)-amino1-3-phenyl-propionyl}-piperidine-4-carboxyli acid ethyl 
ester 

[0216] 2-Chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid and 1-[(2S)-amino-3-phenylpropionyl]-piperidine-4-car- 
boxylic acid ethyl ester hydrochloride were coupled according to Procedure C (solution of product in ethyl acetate 
20 washed with water, dried over MgS0 4 , concentrated), 
mp 104-105°C; CIMS m/e 486.2/488.2 ((M-H) + ). 

1 H NMR (300 MHz, DMSO-d 6 ) S 11.84 (m, 1H), 8.64 (t, J = 8.8 Hz, 1 H), 7.32-7.14 (m, 7H), 5.10 (m, 1 H), 4.30-3.89 
(m ( 4H), 3.15-2.92 (m, 3H), 2.80-2.50 (m, 2H), 1.83-1.69 (m, 2H), 1.52-0.94 (m, 5H). 

25 Example 22a 

1-((2S)-fe/t-Butoxycarbonylamino-3-phenyl-propionyl)-piperidine-4-carboxylic acid ethyl ester 

[0217] Boc-L-Phenylalanine (1 .1 equiv) and piperidine-4-carboxy!ic acid ethyl ester were coupled according to Pro- 
30 cedure A (1.5 equiv 1-hydroxybenzotriazole hydrate, 1.3 equiv 1-(3-dimethylamino-propyl)-3-ethylcarbodiimide hydro- 
chloride, room temperature, dichloromethane; reaction mixture poured into water, acidified with 1 N HCI; resultant 
precipitate filtered, filtrate extracted with CHCI 3 ; organic phase washed sequentially with water and brine, dried over 
MgS0 4 before concentration). 
CIMS m/e 405.2 (MH + ). 

35 1H NMR (CDCI 3 ) 5 7.26-7.14 (m, 5H), 5.40 (dd, J = 8.9, 19.3 Hz, 1H), 4.82 (m, 1H), 4.34-4.24 (m, 1H), 4.09 (dq, J = 
2.0, 7. 1 Hz, 2H), 3.57 (m, 1 H), 2.99-2.88 (m, 2.5H), 2.72 (m, 1 H), 2.45-2.32 (m, 1 .5H), 1 .95-1 .79 (m, 1 .5H), 1 .58 (m, 
2H), 1.40 (d, J = 2.1 Hz, 9H), 1.23 (m, 3H), 0.68 (m, 0.5H). 

Example 22b 

40 

1- ((2S)-Amino-3-phenyl-propionyl)-piperidine-4-carboxylic acid ethyl ester hydrochloride 

[021 8] To a solution of 1 -((2S)-ferf-butoxycarbonylamino-3-phenyl-propionyl)-piperidine-4-carboxylic acid ethyl ester 
(11 g, 27.20 mmol) in ethyl acetate (150 ml) was bubbled in HCI gas over 10 min. The reaction mixture was stirred 
45 overnight, concentrated, redissolved in ethyl acetate and ether, and concentrated. The crude product was precipitated 
with hexanes, filtered, and dried in vacuo to give the title product (9.1 mg, 98%). 
CIMS m/e 305.1 (MH + ). 

1 H NMR (CDCI 3 ) 5 8.56 (br s, 2H), 7.29-7.18 (m, 5H), 4.94-4.82 (m, 1 H), 4.22-3.97 (m, 4H), 3.53 (dt, J = 4.5, 12.7 Hz, 
1 H), 3.41-3.27 (m, 1 H), 3.12 (m, 1 H), 2.95 (m, 0.5H), 2.76 (t, J = 10.9 Hz, 0.5H), 2.66 (m, 0.5H), 2.27 (m, 1H), 2.07 
50 (m, 0.5H), 1.79-1.51 (m, 2H), 1.38-1.11 (m, 3.5H), 0.41 (m, 0.5H). 

Example 23 

2- Bromo-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-(3-hydroxy-azetidin-1-yl)-2-oxo-ethyl]-amide 

55 

[0219] 2-Bromo-6H-thieno[2,3-b]pyrrole-5-carboxylic acid and (2S)-amino-1-(3-hydroxyazetidin-1-yl)-3-phenyl-pro- 
pan-1-one hydrochloride were coupled according to Procedure B. 
CIMS m/e 448.1/450.0 (MH + ). 



48 



EP 1 088 824 B1 

1 H NMR (DMSO-d 6 ) 5 11.77 (s, 1 H), 8.55 (d, J = 8.1 Hz, 1H), 7.26-7.10 (m, 7H), 5.00-4.76 (m, 3H). 4.07-3.94 (m, 
1.5H), 3.83 (m, 1.5H), 3.40-3.22 (m, 1H), 3.13 (m, 2H), 2.93 (m, 2H). 

Example 24 

5 

2-Methyl-4H-furo[3,2-blpyrrole-5-carboxylic acid f(1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1 -yl)-2-oxo-ethyn-amide 

[0220] 2-Methyl-4H-furo[3,2-b]pyrrole-5-carboxylic acid (Krutosikova, A.; Kovac, J.; Dandarova, M.; Lesko, J.; Ferik, 
S., Collect Czech. Chem. Commun., 46: 2564-2573 (1981)) and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 
'0 3-phenyl-propan-1-one hydrochloride were coupled according to Procedure B (acidic aqueous phase extracted with 
ethyl acetate; organic phases combined prior to basic work-up). 
CIMS m/e 396.3 ((M-H) + ). 

1 H NMR (DMSO-d 6 ) 8 10.96 (m, 1 H), 8.23 (m, 1 H), 7.27-7.19 (m, 4H), 7.14 (m, 1H), 6.83 (d, J = 5.4 Hz, 1 H), 6.15 
(s, 1 H), 4.97 (d, J = 5.2 Hz, 0.5H), 4.89 (d, J = 4.6 Hz, 0.5H), 4.80 (m, 2H), 3.99 (m t 0.5H), 3.93 (m, 0.5H), 3.82 (m, 
15 1.5H), 3.38 (m, 1 H), 3.25 (m, 1 H), 3.13 (m, 1.5H), 3.00-2.85 (m, 2H), 2.31 (s, 3H). 

Example 25 

2-Trimethylsilanylethynyl-6H-thienor2,3-b1pyrrole-5-carboxylic acid [(1 S)-benzyl-2-(3-hydroxy-azetidin-1 -yl)-2-oxo- 
20 ethyl]-amide 

[0221] Using a modified procedure of J. M. Tour etal. (J. Org. Chem. % 61: 6906-6921 (1996)), to a degassed solution 
of2-bromo-6H-thieno[2,3-b]pyrro!e^ 

mg, 0.24 mmol) in tetrahydrofuran (5 ml) was sequentially added diisopropylamine (36 0.26 mmol), a mixture of 
25 copper(l) iodide (9 mg, 0.05 mmol) and dichiorobis(triphenylphosphine)palladium(ll) (68 mg, 0.1 mmol), and (trimeth- 

ylsilyl)acetylene (41 ul, 0.29 mmol). The mixture was stirred overnight, poured into water, and extracted with dichlo- 

romethane. The combined organic phases were washed with saturated NaCI, dried over MgS0 4> and concentrated. 

The product was purified by Chromatotron-chromatography (dichloromethane; 20:1 dichloromethanermethanol) to give 

the title product (4.5 mg, 4%). 
30 CIMS m/e 464.3 ((M-H) + ). 

1 H NMR (DMSO-tf 6 ) 5 11.86 (s, 1 H), 8.54 (t, J = 8.9 Hz, 1 H), 7.31 (s, 1H), 7.23 (m, 4H), 7.13 (m, 2H), 5.66 (m, 1 H), 

4.56 (m, 1 H), 4.41 (m, 1 H), 4.28 (m, 0.5H), 4. 1 1 -3.89 (m, 2H), 3.66 (m, 0.5H), 3.57-3.46 (m, 1 H), 2.99-2.85 (m, 2H), 

0.23 (s, 9H). 

35 Example 26 

2-Ethynyl-6H-thieno[2,3-b]pyrrole-5-carboxy!ic acid [( 1 S)-benzyl-2-(3-hydroxyazetidin-1 -yl)-2-oxo-ethyl]-amide 

[0222] Using a procedure analogous to that of G. M. Whitesides et al. (J. Org. Chem. % 53: 2489-2496 (1988)), to a 
40 solution of 2-trimethylsilanylethynyl-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-(3-hydroxy-azetidin- 

1- yl)-2-oxo-ethyl]-amide (110 mg, 0.02 mmol) in methanol (0.5 ml) was added a 5% aqueous solution of potassium 
hydroxide (7 uL, 0.06 mmol). The reaction mixture was stirred for 3 h, concentrated to remove the methanol, diluted 
with water, and extracted with dichloromethane. The organic phase dried over MgS0 4 and concentrated to give the 
title product (7 mg, 77%). 

45 CIMS m/e 392.1 ((M-H) + ). 

1 H NMR (CDCI3) 5 7.32-7. 1 6 (m, 7H), 7.03 (m, 2H), 4.66 (m, 1 H), 4.47 (m, 1 H), 4. 1 7 (m, 1 H), 4.00 (m, 1 H), 3.75-3.56 
(m, 3H), 3.35 (m, 1 H), 3.04 (m, 2H). 

Example 27 

50 

2- Ruoro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrrondin-1-yl)-2-oxo-ethyl]- 
amide 

[0223] 2-Fluoro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 
55 3-phenyl-propan-1-one hydrochloride were coupled according to Procedure B (4 d reaction time), 
mp 128-132°C; CIMS m/e 416.1 ((M-H)+), 418.2 (MH + ). 

1 H NMR (DMSO-cfe) 5 11.72 (m, 1 H), 8.49 (d, J = 8.5 Hz, 1H), 7.28-7.13 (m, 6H), 6.71 (s, 1H), 4.99 (d, J = 5.2 Hz, 
0.5H), 4.91 (d, J = 4.8 Hz, 0.5H), 4.86 (d, J = 3.7 Hz, 1 H), 4.79 (m, 1 H), 4.01 (m, 0.5H), 3.94 (m, 0.5H), 3.83 (m, 1 .5H), 
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3.42-3.24 (m, 2.5H), 3.14 (m, 1 H), 3.01-2.84 (m, 2H). 
Example 27a 

2-Fluoro-4H-thienor3 1 2-b]pyrrole-5-carboxylic acid ethyl ester 

[0224] 5-Fluoro-thiophene-2-carbaldehyde (see, for example, Schuetz, R. D. and Nilles, G. P., J. Org. Chem., 36: 
21 88-90 (1971 )) was annulated according to Procedure H (aldehyde and azido-acetic acid ethyl ester added as ethanol 
solution (0.6 M of ester); acrylate organic phase washed with saturated aqueous NaCI prior to drying; acrylate not 
purified). 

CIMSm/e 212.1 ((M-H) + ). 

1H NMR (CDCI 3 ) 5 9.16 (br s, 1H), 7.03 (s, 1H), 6.51 (s, 1 H), 4.33 (q, J = 7.2 Hz, 2H), 1.36 (t, J = 72 Hz, 3H). 
Example 27b 

2-Fluoro-4H-thienof3,2-b]pyrrole-5-carboxylic acid 

[0225] 2-Fluoro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid ethyl ester was hydrolyzed according to Procedure F (acid- 
ified aqueous phase extracted with ethyl acetate; combined organic phases dried over MgSCu, concentrated) 
CIMS m/e 184.1 ((M-H) + ). 

1 H NMR (DMSO-c/ 6 ) 5 12.47 (br s, 1H), 12.03 (s, 1H), 6.96 (s, 1H), 6.73 (s, 1H). 
Example 28 

2-Cyano-4H -f urof3,2-blpyrrole-5-carboxylic acid f( 1 S)-benzyl-2-(3-hydroxy-azetidin-1 -yl)-2-oxo-ethyll-amide 

[0226] 2-Cyano-4H-furo[3,2-b]pyrro!e-5-carboxylic acid and (2S)-amino-1-(3-hydroxyazetidin-1-yl)-3-phenyl-pro- 
pan-1-one hydrochloride were coupled according to Procedure B (reaction mixture partitioned between ethyl acetate 
and water prior to acidic washing). 
CIMS m/e 377.1 ((M-H)+), 379.1 (MH+). 

1 H NMR (DMSO-d 6 ) 5 11.78 (s, 1H), 8.68 (t, J = 8.2 Hz, 1H), 7.67 (s, 1H), 7.22 (m, 4H), 7.15 (m, 1H), 7.01 (d, J = 3.1 
Hz, 1H), 5.68 (m, 1 H), 4.59 (m, 1H), 4.40 (m, 1H), 4.26 (m, 0.5H), 4.05 (m, 1 H), 3.92 (m, 1 H), 3.65 (m, 0.5H), 3.53 
(m, 1 H), 3.00-2.88 (m, 2H). 

Example 28a 

2-Cyano-4H-furof3,2-b1pyrrole-5-carboxylic acid 

[0227] 2-Formyl-4H-furo[3,2-b]pyrrole-5-carboxylic acid (see, for example, Krutosikova, A.; Dandarova, M.; Alfoldi, 
J., Chem. Pap., 48: 268-73 (1994)) was treated with hydroxylamine hydrochloride according to Procedure G 
CIMS m/e 174.9 ((M-H) + ). 

1 H NMR (DMSO-d 6 ) 8 13.10-12.60 (br s, 1H), 12.05 (s, 1H), 7.73 (s, 1H), 6.75 (s, 1H). 
Example 29 

2- Chloro-4H-furo[3,2-blpyrrol e-5-carboxvlic acid [(1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1 -vl)-2-oxo-ethvn-amide 

[0228] 2-Chloro-4H-furo[3,2-b]pyrrole-5-carboxylic acid and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 

3- phenyl-propan-1-one hydrochloride were coupled according to Procedure B (3d reaction time; reaction mixture par- 
titioned between ethyl acetate and water prior to acidic washing). 

CIMS m/e 418.1/420.1 (MH + ). 

1 H NMR (DMSO-d 6 ) 5 11.36 (s, 1 H), 8.42 (dd, J = 2.9, 8.3 Hz, 1H), 7.27-7.10 (m, 5H), 6.94 (d, J = 6.0 Hz, 1 H), 6.63 
(m, 1 H), 4.99 (d, J = 5.2 Hz, 0.5H), 4.91 (d, J = 5.0 Hz, 0.5H), 4.86-4.77 (m, 2H), 4.00 (m, 0.5H), 3.94 (m, 0.5H), 3.81 
(m, 1.5H), 3.43-3.21 (m, 2.5H), 3.13 (m, 1 H), 3.00-2.85 (m, 2H). 
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Example 29a 

2-Chloro-4H-furo[3,2-b]pyrrole-5-carboxylic acid ethyl ester 

[0229] 5-Chloro-furan-2-carbaldehyde (Snyder, H. R. t Jr.; Seehausen, P. H., J. Heterocycl. Chem. t 10: 385-6 (1973)) 
was annulated according to Procedure H (8 equiv sodium; aldehyde and azido-acetic acid ethyl ester added as ethanol 
solution (0.9 M of ester); condensation reaction mixture allowed to warm to room temperature, stirred for 1 h, quenched 
at -40°C, diluted with water, and extracted with ether; acrylate not purified; crude furanopyrrole filtered before concen- 
tration). 

CIMS m/e 212.0/214.1 ((M-H) + ). 

1H NMR (CDCI 3 ) 8 8.69 (br s, 1 H), 6.74 (dd, J = 0.8, 1.7 Hz, 1H), 6.31 (d, J = 0.6 Hz, 1H), 4.33 (q, J = 7.1 Hz, 2H), 
1.36 (t, J = 7.1 Hz, 3H). 

Example 29b 

2-Chloro-4H-furor3,2-b1pyrrole-5-carboxylic acid 

[0230] 2-Chloro-4H-furo[3,2-b]pyrrole-5-cart)Oxylic acid ethyl ester was hydrolyzed according to Procedure F (room 
temperature overnight, 50°C 4 h; acidified aqueous phase extracted with ethyl acetate; combined organic phases dried 
over MgS0 4 , concentrated). 
CIMS m/e 183.8/185.8 ((M-H) + ). 

1 H NMR (DMSO-cy 5 12.47 (br s, 1H), 11.70 (s, 1 H), 6.70 (s, 1 H), 6.67 (s, 1H). 
Example 30 

2- Chloro-4H-furof3,2-blpyrrole-5-caiftoxy)ic acid f(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hydroxy- 

3- oxo-propyl]-amide ^ *~ — 

[0231] 2-Chloro-4H-furo[3,2-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-(2R)- 
hydroxy-4-pheny!-butan-1-one were coupled according to Procedure B (3 d reaction time; reaction mixture partitioned 
between ethyl acetate and water prior to acidic washing). 
CIMS m/e 448.1/450.1 (MH+). 

1 H NMR (DMSO-d 6 ) 5 11.33 (m, 1H), 7.72 (d, J = 8.7 Hz, 1H), 7.25-7.09 (m, 5H), 6.82 (s, 1H), 6.61 (dd, J = 0.7, 3.0 
Hz, 1 H), 5.04 (d, J = 7.3 Hz, 0.5H), 4.94 (m, 1 H), 4.89 (d, J = 5.0 Hz, 0.5H), 4.80 (d, J = 7.5 Hz, 0.5H), 4.75 (d, J = 
4.2 Hz, 0.5H), 4.45-4.35 (m, 1 H), 4.18 (m, 1 H), 4.0O-3.88 (m, 2H), 3.57-3.49 (m, 1 H), 3.39 (m, 0.5H), 3.26-3.06 (m, 
2.5H), 2.95-2.80 (rn, 2H). 

Example 31 

1-{(2S)-[(2-Chloro-6H-thieno[2 l 3-b]pvrrole-5-carbonyl)-amino]-3-phenyl-propionyl)-piperidine-4-carboxylic acid 

[0232] 1-{(2S)-[(2-Ch!oro-6H-thieno[2,3-b]pyrrole-5-carbonyl)-amino]-3-phenyl-propionyl}-piperidine-4-carboxylic 
acid ethyl ester was hydrolyzed according to Procedure F (room temperature; after concentration, reaction residue 
partitioned between ethyl acetate and 1-2 N NaOH; aqueous phase acidified with 2 N HCI, extracted with ethyl acetate; 
combined organic phases dried over MgS0 4 , concentrated; crude product washed with ether), 
mp 145-150°C 

1 H NMR (DMSO-cfe) 8 12.21 (s, 1 H), 11.83 (s, 0.5H), 11.77 (s, 0.5H), 8.58 (m, 1H), 7.26-7.11 (m, 7H), 5.05 (m, 1 H), 
4.23 (d, J = 13.3 Hz, 0.5H), 4.10 (d, J = 12.5 Hz, 0.5H), 3.93 (d, J = 12.7 Hz, 0.5H), 3.85 (d, J = 13.5 Hz, 0.5H), 3.1 1-2.90 
(m, 3H), 2.77-2.61 (m, 1H), 2.49-2.39 (m, 1H), 1.75-1.65 (m, 2H), 1.43-1.17 (m, 1.5H), 1.07-0.97 (m, 0.5H). 

Example 32 

3-Chloro-4H-thienof3 t 2-b]pyrrole-5-carboxylic acid [( 1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1 -yl)-2-oxo-ethy1]- 
amide " 

[0233] 3-Chloro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 
3-phenyl-propan-1-one hydrochloride were coupled according to Procedure B (reaction mixture partitioned between 
ethyl acetate and water prior to acidic washing). 
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CIMS m/e 434.0/436.0 (MH + ). 

1 H NMR (DMSO-cfe) 8 12.09 (m, 1 H), 8.57 (d, J = 8.3 Hz, 1 H), 7.40 (m, 0.5H), 7.28-7.10 (m, 6.5H), 5.00 (d, J = 5.2 
Hz, 0.5H), 4.92 (d, J = 5.0 Hz, 0.5H), 4.84 (m, 2H), 4.10-3.93 (m, 1 H), 3.82 (m, 1.5H), 3.44-3.23 (m, 2.5H), 3.13 (m, 
1H), 3.03-2.87 (m, 2H). 

5 

Example 32a 

S-Chloro^H-thienoO^-blpyrrole-S-carboxylic acid ethyl ester 

10 [0234] 4-Chloro-thiophene-2-carbaldehyde (Iriarte, J.; Martinez, E.; Muchowski, J. M., J. Heterocycl. Chem., 13: 
393-4 (1976)) was annulated according to Procedure H (aldehyde and azido-acetic acid ethyl ester added as ethanol 
solution (1.2 M of ester) such that reaction temperature maintained at 0°C; reaction mixture allowed to warm to 10°C, 
stirred for 1 .5 h, poured into cold saturated aqueous NH 4 CI; after ether extractions, combined acrylate organic phases 
washed with water until aqueous phase was neutral; acrylate not purified). 

15 CIMS m/e 228.0 ((M-H)+). 

1 H NMR (CDCI 3 ) 5 9.02 (br s, 1H), 7.24 (s, 1H), 7.10 (s t 1 H), 4.37 (q, J = 7.1 Hz, 2H), 1.38 (t, J = 7.1 Hz, 3H). 

Example 32b 

20 3-Chloro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid 

[0235] 3-ChIoro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid ethyl ester was hydrolyzed according to Procedure F (7 
equiv LiOH-H 2 0; room temperature overnight, then at 50°C overnight again; acidified aqueous phase extracted with 
ethyl acetate; combined organic phases dried over MgS0 4 , concentrated). 
25 CIMS m/e 199.9/201 .8 ((M-H) + ). 

1 H NMR (DMSO-c/ 6 ) 8 12.71 (br s, 1 H), 12.40 (s, 1H), 7.48 (s, 1 H), 7.06 (d, J = 1.9 Hz, 1H). 

Example 33 

30 3-Chloro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1 S)-benzyl-3-((3R > 4S)-dihydroxypyrrolidin-1 -yl)-(2R)-hydroxy- 
3-oxo-propyl]-amide 

[0236] 3-Chloro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl) 
-(2R)-hydroxy-4-phenyl-butan-1-one were coupled according to Procedure B (reaction mixture partitioned between 
35 ethyl acetate and water prior to acidic washing). 
CIMS m/e 464.0/466.0 (MH+). 

1 H NMR (DMSO-d 6 ) 5 12.4 (m, 1H), 7.89 (d, J = 8.9 Hz, 1H), 7.38 (s, 0.5H), 7.26-7.10 (m, 5.5H), 7.05 (d, J = 3.1 Hz, 
1 H), 5.08 (d, J = 7.1 Hz, 0.5H), 4.97-4.84 (m, 2H), 4.76 (d, J = 4.2 Hz, 0.5H), 4.44 (m, 1 H), 4.20 (m, 1 H), 4.09-3.88 
(m, 2H), 3.53 (m, 1H), 3.38 (m, 0.5H), 3.25-3.06 (m, 2.5H), 2.97-2.82 (m, 2H). 

40 

Example 34 

3-Bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrrol<din-1-yl)-2-oxo-ethyl]- 
amide 

45 

[0237] 3-Bromo-4H-thieno[3,2-b]pyrrole-5-carboxyIic acid and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 
3-phenyl-propan-1-one hydrochloride were coupled according to Procedure B (reaction mixture partitioned between 
ethyl acetate and water prior to acidic washing). 
CIMS m/e 475.9/478.2 ((M-H) + ). 
50 1H NMR (DMSO-d 6 ) 8 11.99 (m, 1H), 8.56 (d, J = 8.3 Hz, 1 H), 7.48 (d, J = 1.2 Hz, 0.5H), 7.27-7.12 (m, 6.5H), 4.99 
(d, J = 5.2 Hz, 0.5H), 4.91 (d, J = 5.2 Hz, 0.5H), 4.84 (m, 2H), 4.09-3.92 (m, 1.5H), 3.78 (m, 1.5H), 3.43-3.22 (m, 2H), 
3.13 (m, 1 H), 2.99-2.85 (m, 2H). 

Example 34a 

55 

S-Bromo^H-thienotS^-blpyrrole-S-carboxylic acid 

[0238] 4-Bromo-thiophene-2-carbaldehyde was annulated according to Procedure H (aldehyde and azido-acetic acid 
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ethyl ester added as ethanol solution (1.2 M of ester) such that reaction temperature maintained at 0°C; reaction mixture 
allowed to warm to 10°C, stirred for 1 h, poured into cold saturated aqueous NH 4 Cl; after ether extractions, combined 
acrylate organic phases washed with water until aqueous phase was neutral; acrylate not purified). 
CIMS m/e 272.0/273.9 ((M-H) + ). 
5 1 H NMR (CDC! 3 ) 5 8.99 (br S, 1 H), 7.21 (s, 1 H), 7. 1 3 (d, J = 1 .9 Hz, 1 H), 4.37 (q, J = 7.2 Hz, 2H), 1 .38 (t, J = 7.2 Hz, 3H). 

Example 34b 

3-Bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid 

10 

[0239] 3-Bromo-4H-thieno[3,2-b]pyrrole-5-carboxytic acid ethyl ester was hydrolyzed according to Procedure F (7 
equiv LiOH-H 2 0; room temperature overnight, then at 50°C overnight again; acidified aqueous phase extracted with 
ethyl acetate; combined organic phases dried over MgS0 4 , concentrated). 
CIMS m/e 243.9/245.9 ((M-H)+). 
15 1HNMR(DMS0-Gf 6 )612.69(brs, 1H), 12.33 (s, 1H),7.56(s, 1H),7.08(s, 1H). 

Example 35 

3-Bromo-4H-thieno[3,2-blpyrrote-5-carboxylic acid [(1S)-benzyl-3-((3R t 4S)-dihydroxypyrrolidin>1-ylH2R)-hydroxy- 
20 3-oxo-propyll-amide 

[0240] 3-Bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl) 
-(2R)-hydroxy-4-phenyl-butan-1-one were coupled according to Procedure B (reaction mixture partitioned between 
ethyl acetate and water prior to acidic washing). 
25 CIMS m/e 508.0/510.0 (MH + ). 

1H NMR (DMSO-d 6 ) 5 11.96 (s, 0.5H), 11.91 (s, 0.5H), 7.90 (d, J = 9.3 Hz, 1 H), 7.46 (s, 0.5H), 7.22 (m, 4.5H), 7.12 
(m, 1 H), 7.04 (m, 1 H), 5.08 (d, J = 6.9 Hz, 0.5H), 4.94 (m, 1 H), 4.89 (d, J = 5.0 Hz, 0.5H), 4.85 (d, J = 7.1 Hz, 0.5H), 
4.75 (d, J = 4.4 Hz, 0.5H), 4.45 (m, 1 H), 4.20 (m, 1H), 4.08-3.87 (m, 2H), 3.53 (m, 1 H), 3.40-3.30 (m, 0.5H), 3.22 (m, 
1 H), 3.15-3.05 (m, 1.5H), 2.98-2.82 (m, 2H). 

30 

Example 36 

2- Chloro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(ISVbenzyl-^SR^SHihydroxypyrrolidin'I'ylHgRVhydroxy- 

3- oxo-propyl]-amide 

35 

[0241] 2-Chloro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl) 
-(2R)-hydroxy-4-phenyl-butan-1-one were coupled according to Procedure B (reaction mixture partitioned between 
ethyl acetate and water prior to acidic washing). 
CIMS m/e 464.0/466.0 (MH + ). 

40 1H NMR (DMSO-oy 5 11.72 (s, 0.5H), 11.67 (s, 0.5H), 7.85 (d, J = 9.1 Hz, 1H), 7.21 (m, 4H), 7.12 (m, 1 H), 7.00 (m, 
2H), 5.05 (d, J = 7.1 Hz, 0.5H), 4.95 (m, 1 H), 4.89 (d, J = 4.8 Hz, 0.5H), 4.81 (d, J = 7.5 Hz, 0.5H), 4.75 (d, J = 3.9 Hz, 
0.5H), 4.41 (m, 1 H) f 4.20 (m, 1 H), 4.00-3.87 (m, 2H), 3.54 (m, 1 H), 3.40 (m 0.5H), 3.22 (m, 1.5H), 3.15-3.06 (m, 1 
H), 2.94-2.80 (m, 2H). 

45 Example 36a 

2-Chtoro-4H-thieno[3 > 2-b]pyrrole-5-carboxylic acid ethyl ester 

[0242] 5-Chloro-thiophene-2-carbaldehyde was annulated according to Procedure H (aldehyde and azido-acetic acid 
so ethyl ester added as ethanol solution (1.2 M of ester) such that reaction temperature maintained at 0-5°C; reaction 

mixture allowed to warm to room temperature, stirred for 2 h, poured into cold saturated aqueous NH 4 CI; after ether 

extractions, combined acrylate organic phases washed with water until aqueous phase was neutral; 0.5 M solution of 

crude acrylate heated for 1.5 h). 

CIMS m/e 228.0/229.9 ((M-H) + ). 
55 1H NMR (CDCI 3 ) 5 9.04 (br s, 1 H), 7.02 (m, 1 H), 6.88 (m, 1 H), 4.34 (q, J = 7.2 Hz, 2H), 1.37 (t, J = 7.2 Hz, 3H). 
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Example 36b 

2-Chloro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid 

[0243] 2-Chloro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid ethyl ester was hydrolyzed according to Procedure F 
(50°C 9 h). 

CIMS m/e 199.9/201.8 ((M-H) + ). 

1 H NMR (DMSO-d 6 ) 5 12.62 (s, 1 H), 12.04 (s, 1H), 7.05 (s, 1H), 6.97 (s, 1 H). 
Example 37 

2- Chloro-4H-thieno[3,2-b1pyrrole-5-carboxylic acid [(ISj-benzyl^-ttSR^Sj-dihydroxypyrrolidin-l-yO^-oxo-ethyl]- 
amide 

[0244] 2-Chloro-4H-thieno(3,2-b]pyrrole-5-carboxylic acid and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 

3- phenyl-propan-1-one hydrochloride were coupled according to Procedure B (reaction mixture partitioned between 
ethyl acetate and water prior to acidic washing). 

CIMS m/e 434.0/436.0 (MH + ). 

*H NMR (DMSO-d 6 ) 6 11.73 (m, 1 H), 8.57 (d, J = 7.9 Hz, 1H), 7.28-7.19 (m, 4H), 7.13 (m, 2H), 7.01 (d, J = 2.7 Hz, 1 
H), 5.00 (d, J = 5.2 Hz, 0.5H), 4.92 (d, J = 5.2Hz, 0.5H), 4.86 (m, 1 H), 4.79 (m, 1 H), 4.08-3.94 (m, 1 H), 3.82 (m, 1 .5H), 
3.42-3.24 (m, 2H), 3.14 (m, 1.5H), 3.01-2.87 (m, 2H). 

Example 38 

3-Methyl-4H-thieno[3 t 2-b]pyrrole-5-carboxylic acid [(1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1 -yl)-2-oxo-ethyl]- 
amide 

[0245] 3-Methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 
3-phenyl-propan-1-one hydrochloride were coupled according to Procedure B (reaction mixture partitioned between 
ethyl acetate and water prior to acidic washing). 
CIMS m/e 412.1 ((M-H) + ), 414.0 (MH + ). 

1 H NMR (DMSO-c/ 6 ) 5 11.69 (m, 1 H), 8.45 (m, 1 H), 7.28-7.18 (m, 4H) t 7.12 (m, 2H), 6.93 (d, J = 1.0 Hz, 1H), 4.98 (d, 
J = 5.2 Hz, 0.5H), 4.90 (d, J = 5.0 Hz, 0.5H), 4.83 (m, 2H), 4.03-3.92 (m, 1 H), 3.83 (m, 1 .5H), 3.42-3.23 (m, 2.5H), 3.1 4 
(m, 1H), 3.03-2.88 (m, 2H), 2.24 (s, 3H). 

Example 38a 

3-Methyl-4H-thieno[3,2-b]pyrrole-5-carboxync acid ethyl ester 

[0246] 4-Methyl-thiophene-2-carbaldehyde (Detty, M. R.; Hays, D. S., Heterocycles, 40: 925-37 (1995)) was annu- 
lated according to Procedure H (aldehyde and azido-acetic acid ethyl ester added as ethanol solution (1.1 M of ester); 
reaction poured into cold saturated aqueous NH 4 CI; after ether extractions, acrylate organic phase washed with water 
until aqueous phase was neutral; acrylate not purified). 
CIMS m/e 207.9 ((M-H) + ), 209.9 (MH+). 

1 H NMR (CDCI 3 ) 5 9.02 (br s, 1 H), 7.09 (d, J = 1 .9 Hz, 1 H), 6.91 (d, J = 1 .0 Hz, 1 H), 4.35 (quart, J = 7.3 Hz, 1 H), 2.32 
(d, J = 1 .2 Hz, 3H), 1 .38 (t, J = 7.2 Hz, 3H). 

Example 38b 

3-Methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid 

[0247] 3-Methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid ethyl ester was hydrolyzed according to Procedure F 
(50°C 13 h; acidified aqueous phase extracted with ethyl acetate; combined organic phases dried over MgS0 4 , con- 
centrated). 

CIMS m/e 179.9 ((M-H) + ), 181.8 (MH + ). 

1 H NMR (DMSO-d 6 ) 8 12.45 (br s, 1H), 11.99 (s, 1H), 7.02 (m, 1H), 6.96 (m, 1 H), 2.25 (s, 3H). 
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Example 39 

3-Methyl-4H-thienof3,2-b]pyrrole-5-carboxylic acid [(1 S)-benzyl-3-(3R > 4S)-dihydroxypyrrolictin-1 -yl)-(2R)-hydroxy- 
3-oxo-propyl]-amide 

[0248] 3-Methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl) 
-(2R)-hydroxy-4-phenyl-butan-1-one were coupled according to Procedure B (reaction mixture partitioned between 
ethyl acetate and water prior to acidic washing). 
CIMS m/e 442.1 ((M-H) + ), 444.0 (MH + ). 

1 H NMR (DMSO-cfe) 8 11.66 (s, 0.5H), 11.62 (s, 0.5H), 7.76 (d, J = 8.9 Hz, 1 H), 7.22 (m, 4H) f 7.11 (m, 1H), 7.01 (d, J 
= 1.7 Hz, 1 H), 6.91 (s, 1 H), 5.06 (d, J = 7.3 Hz, 0.5H), 4.95 (m, 1H), 4.90 (d, J = 5.0 Hz, 0.5H), 4.82 (d, J = 7.5 Hz, 
0.5H), 4.77 (d, J = 4.4 Hz, 0.5H), 4.44 (m, 1H), 4.21 (m, 1H), 4.01-3.87 (m, 2H), 3.55 (m, 1 H), 3.40 (dd, J = 5.0, 12.6 
Hz, 0.5H ), 3.24 (m, 1.5H), 3.16-3.06 (m, 1H), 2.97-2.83 (m, 2H), 2.23 (s, 3H). 

Example 40 

2- Cyano-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-2-oxo-ethyl]- 
amide " " ~ " 

[0249] 2-Cyano-4H-thieno[3,2-b]pyrrole-5-carboxylic acid and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 

3- phenyl-propan-1-one hydrochloride were coupled according to Procedure B (reaction mixture partitioned between 
ethyl acetate and water prior to acidic washing). 

CIMS m/e 423.1 ((M-H) + ), 425.1 (MH + ). 

1 H NMR (DMSO-cfe) 8 1 2. 1 5 (m, 1 H), 8.85 (d, J = 8.3 Hz, 1 H), 7.79 (m, 1 H), 7.29-7. 1 1 (m, 6H), 5.00 (m, 0.5H), 4.93-4.78 
(m, 2.5H), 4.04-3.93 (m, 1H), 3.81 (m, 1.5H), 3.43-3.25 (m, 2.5H), 3.15 (m, 1 H), 3.03-2.89 (m, 2H). 

Example 40a 

2-Formyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid 

[0250] 2-Formyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid ethyl ester (see, for example, Gale, W. W. et ai, J. Org. 
Chem., 29: 2160-2165 (1964)) was hydrolyzed according to Procedure F (50°C overnight; acidified aqueous phase 
extracted with ethyl acetate; combined organic phases dried over MgS0 4 , concentrated). 
CIMS m/e 193.9 ((M-H) + ), 195.8 (MH + ). 

1 H NMR (DMSO-cfe) 8 13.38-12.78 (br s, 1H), 12.43 (s, 1H), 9.90 (s, 1H), 7.92 (s, 1H), 7.08 (s, 1H). 
Example 40b 

2-Cyano-4H-thienof3,2-blpyrrole-5-carboxylic acid 

[0251] 2-Formyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid was treated with hydroxylamine hydrochloride according 

to Procedure G. 

CIMS m/e 190.9 ((M-H) + ). 

1 H NMR (DMSO-ofe) 8 13.06 (br s, 1 H), 12.45 (s, 1 H), 7.84 (s, 1H), 7.09 (s, 1 H). 
Example 41 

2- Cyano-4H-furo[3,2-b]pyrrole-5-carboxylic acid [(1 S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1 -yl)-(2R)-hydroxy- 

3- oxo-propyl]-amide 

[0252] 2-Cyano-4H-furo[3,2-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-y!)-(2R)- 
hydroxy-4-phenyl-butan-1-one were coupled according to Procedure A (1 equiv triethylamine, dimethylformamide; 4 
d reaction time; reaction mixture partitioned between ethyl acetate and water; organic phase washed with 2 N HCI prior 
to saturated aqueous NaHC0 3 ). 
mp 137-140°C; CIMS m/e 437.1 ((M-H) + ), 439.0 (MH + ). 

1 H NMR (DMSO-d 6 ) 8 1 1 .70 (m, 1 H), 7.99 (d, J = 8.9 Hz, 1 H), 7.65 (m, 1 H), 7.22 (m, 4H), 7. 1 2 (m, 1 H), 6.91 (s, 1 H), 
5.09 (d, J = 7.1 Hz, 0.5H), 4.95 (m, 1H), 4.89 (d, J = 52 Hz, 0.5H), 4.83 (d, J = 7.3 Hz, 0.5H), 4.76 (d, J = 3.9 Hz, 0.5H), 
4.42 (m, 1H), 4.21 (m, 1H), 4.08-3.89 (m,2H), 3.61 -3.50 (m, 1 H), 3.40 (m, 0.5H), 3.24 (m, 1.5H),3.13(m, 1H), 2.95-2.80 
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(m, 2H). 
Example 42 

3-Bromo-4H-f uro[3,2-b1pyrr ole-5-carboxylic acid K 1 S)-benzyl-2-((3R,4S)-dihydroxypvrrolidin-1 -yl)-2-oxo-ethyl]-amide 

[0253] 3-Bromo-4H-furo[3,2-bJpyrrole-5-carboxylic acid and (2S)-amino-1 -((3R,4S)-dihydroxy-pyrrolidin-1-yl)- 
3-phenyl-propan-1-one hydrochloride were coupled according to Procedure A (dimethylformamide; reaction mixture 
partitioned between ethyl acetate and water; organic phase washed with 2 N HCI prior to saturated aqueous NaHCOo). 
mp 140°C dec; CIMS m/e 461.9/463.9 (MH + ). 

1 H NMR (300 MHz, DMSO-cfe) 6 11.75 (m, 1 H), 8.47 <d, J = 8.6 Hz, 1 H), 7.90 (d, J = 0.8 Hz, 1H) f 7.33-7.15 (m, 5H), 
6.98 (dd, J = 1.5, 3.4 Hz, 1 H), 5.03 (d, J = 5.3 Hz, 0.5H), 4.95 (d, J = 5.1 Hz, 0.5H), 4.91-4.83 (m, 2H) t 4.13-3.97 (mi 
1 H), 3.86 (m, 1 .5H), 3.48-3.25 (m, 2.5H), 3. 1 8 (m, 1 H), 3.08-2.92 (m, 2H). 

Example 42a 

3-Bromo-4H-furo[3,2-bIpyrrole-5-carboxylic acid ethyl ester 

[0254] 4-Bromo-2-furaldehyde was annulated according to Procedure H (aldehyde and azido-acetic acid ethyl ester 
added as ethanol solution (1 M of ester) to -20 °C ethoxide solution; -20°C 35 min, -5°C 1.5 h, 5°C 15 min; reaction 
poured into cold saturated aqueous NH 4 CI; after ether extraction, acrylate organic phase washed with water until 
aqueous phase was neutral; 0.5 M solution of crude acrylate heated). 
CIMS m/e 257.8/259.8 (MH + ). 

*H NMR (300 MHz, CDCI 3 ) 5 8.81 (br s, 1H), 7.48 (s, 1H), 6.79 (d, J = 1.8 Hz, 1H), 4.35 (q, J = 7.1 Hz, 2H), 1.36 (t, J 
= 7.1 Hz, 3H). 

Example 42b 

S-Bromo^H-furofS^-bjpyrrole-S-carboxylic acid 

[0255] 3-Bromo-4H-furo[3,2-b]pyrrole-5-carboxyiic acid ethyl ester was hydrolyzed according to Procedure F (50°C 
14 h; acidified aqueous phase extracted with ethyl acetate; organic phase dried over MgSOu, concentrated). 
CIMS m/e 228.0/230.0 ((M-H) + ). 

1 H NMR (300 MHz, DMSO-tf 6 ) 8 12.60 (br s, 1H), 12.06 (br s, 1H), 7.98 (s, 1H), 6.77 (d, J = 1.8 Hz, 1H). 
Example 43 

3-Bromo-4H-furo[3,2-b1pyrro le-5-carboxvlic acid f(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-ylH2R)-hvdroxy- 
3-oxo-propyl]-amide 

[0256] 3-Bromo-4H-furo[3,2-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-(2R)- 
hydroxy-4-phenyl-butan-1-one were coupled according to Procedure A (1 equiv triethylamine, dimethylformamide; re- 
action mixture partitioned between ethyl acetate and water; organic phase washed with 2 N HCI prior to saturated 
aqueous NaHC0 3 ). 

mp 140°C dec; CIMS m/e 492.0/494,0 (MH+). 

1 H NMR (300MHz, DMSO-cfe) 5 11.73 (s, 0.5H), 11.68 (s, 0.5H), 7.88 (d, J = 0.7 Hz, 1 H), 7.79 (d, J = 8.9 Hz, 1H), 
7.27 (m, 4H), 7.17 (m, 1 H), 6.87 (s, 1H), 5.18-4.74 (m, 3H), 4.56-4.40 (m, 1H), 4.24 (s, 1 H), 4.05-3.94 (m, 1.5H), 
3.64-3.11 (m, 4.5H), 3.02-2.85 (m, 2H). 

Example 44 

4H-1,7-Dithi a-4-aza-cyclopentafa]pentalene-5-carboxylic acid f(1S)-benzyl-3-<(3R,4S)-dihydroxy-pyrrolidin-1-yl) 
-(2R)-hydroxy-3-oxo-propyl1-amide 

[0257] 4H-1 ,7-Dithia-4-aza-cyclopenta[a]pentalene-5-carboxylic acid and (3S)-amino-1 -((3R,4S)-dihydroxy-pyrroli- 
din-1-yl)-(2R)-hydroxy-4-phenyl-butan-1-one were coupled according to Procedure B (2:1 dichloromethane:dimethyl- 
formamide; reaction mixture partitioned between ethyl acetate and water; organic phase washed with 2 N HCI prior to 
saturated aqueous NaHC0 3 ). 
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CIMS m/e 484.0 ((M-H)+), 486.0 (MH + ). 

<H NMR (DMSO-d 6 ) 5 12.00 (s, 0.5H), 11.95 (s, 0.5H), 7.83 (m, 1H), 7.55 (dd, J = 0.8, 5.2 Hz, 1H), 7.35 (dd J = 1 2 
5.2 Hz, 1H), 7.23 (m, 4H), 7.12 (m, 2H), 5.07 (d, J = 7.3 Hz, 0.5H), 4.96 (m, 1H), 4.90 (d, J = 5.0 Hz, 0.5H), 4.81 (d, J 
= 7.5 Hz, 0.5H), 4.76 (d, J = 4.2 Hz, 0.5H), 4.44 (m, 1 H), 4.20 (m, 1H), 4.08-3.88 (m, 1.5H), 3.57 (m, 1H), 3.40 (m 
0.5^,3.26^,1.5^,3.17-3.07(^1,1.5^,2.97-2.84^,2^. 

Example 44a 

4H-1,7-Dithia-4-aza-cvcfopentafa]pentalene-5-carboxylic acid ethyl ester 

[0258] Thieno[2,3-b]thiophene-2-carbaldehyde (Dopper, J. H. et ai, J. Am. Chem. Soc, 95: 3692-8 (1973)) was 
annulated according to Procedure H (aldehyde and azido-acetic acid ethyl ester added as ethanol solution (1 M of 
ester) to -20°C ethoxide solution; -20°C 30 min, -20°C to room temperature over 2.5 h; reaction poured into cold 
saturated aqueous NH 4 CI; after ether extraction, acrylate organic phase washed with water until aqueous phase was 
neutral; 0.35 M solution of crude acrylate heated). 
CIMS m/e 250.1 ((M-H)+), 251 .9 (MH + ). 

1 H NMR (CDCI 3 ) 5 9.46 (br s, 1 H) t 7.35 (d, J = 5.3 Hz, 1 H), 7.29 (d, J = 5.3 Hz, 1H), 7.14 (d, J = 2.0 Hz, 1 H), 4.38 
(q, J = 7.1 Hz, 2H), 1.39 (t, J = 7.1 Hz, 3H). 

Example 44b 

4H-1 ,7-Dithia-4-aza-cvclopenta[a1pentalene-5-carboxylic acid 

[0259] 4H-1,7-Dithia-4-aza-cyclopenta[a]pentalene-5-carboxylic acid ethyl ester was hydrolyzed according to Pro- 
cedure F(50°C 11 h). 
CIMS m/e 222.0 ((M-H) + ). 

1 H NMR (DMSO-cfe) 8 12.51 (s, 1H), 12.32 (s, 1H) f 7.59 (d, J = 5.3 Hz, 1H), 7.38 (d, J = 5.3 Hz, 1H), 7.05 (d, J = 1.9 
Hz, 1 H). 

Example 45 

4H-1 ,7-Dithia-4-aza-cyclo pentafalpentalene-5-carboxylic acid f(1 S)-benzyl-2-((3R > 4S)-dihydroxy-pvrr olidin- 1 -yl)- 
2-oxo-ethyn-amide 

[0260] 4H-1 ,7-Dithia-4-aza-cyclopenta[a]pentalene-5-carboxylic acid and (2S)-amino-1 -((3R,4S)-dihydroxy-pyrroli- 
din-1-yl)-3-phenyl-propan-1-one hydrochloride were coupled according to Procedure B (1:1 dichloromethane:dimeth- 
ylformamide; reaction mixture partitioned between ethyl acetate and water; organic phase washed with 2 N HCI prior 
to saturated aqueous NaHC0 3 ). 
CIMS m/e 454.0 ((M-H) + ), 456.0 (MH + ). 

1 H NMR (DMSO-cfe) 8 12.03 (m, 1 H), 8.53 (d, J = 8.1 Hz, 1H), 7.55 (dd, J = 0.8, 5.2 Hz, 1H), 7.34 (dd, J = 2.7, 5.2 
Hz, 1 H), 7.29-7.19 (m, 5H), 7.12 (m, 1 H), 4.99 (d, J = 5.2 Hz, 0.5H), 4.91 (d, J = 5.0 Hz, 0.5H), 4.84 (m, 2H), 3.98 
(m, 1H), 3.83 (m, 2H), 3.41-3.29 (m, 3H), 3.13 (m, 1H), 2.95 (m, 2H). 

Example 46 

2-Chloro-3-methyl-4H-thie no[3,2-b]pvrrole-5-carboxvlicacidf(1S)-benzyl-2-((3R t 4S)-dihydroxv-pyrrolid 
ethyl]-amide 

[0261] 2-Chloro-3-methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrolid- 
in-1-yl)-3-phenyl-propan-1-one hydrochloride were coupled according to Procedure B (1:1 dichloromethane:dimethyl- 
formamide; 2 d reaction time; reaction mixture concentrated to remove dichloromethane; partitioned between ethyl 
acetate and water; organic phase washed with 2 N HCI prior to saturated aqueous NaHC0 3 ). 
mp 139-141°C; CIMS m/e 448.1/450.1 (MH + ). 

1 H NMR (DMSO-tf 6 ) 8 11.95 (m, 1 H), 8.54 (d, J = 7.9 Hz, 1 H), 7.28-7.18 (m, 4H), 7.13 (m, 2H), 4.98 (d, J = 5 2 Hz 
0.5H),4.90(d, J = 4.6Hz, 0.5H), 4.83 (m, 2H), 4.02-3.92(m, 1H), 3.82(m, 1.5H), 3.41-3.22(m, 2.5H), 3.14 (m, 1 H)' 
3.01 -2.90 (m, 2H), 2.20 (d, J = 2.5 Hz, 3H). 
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Example 46a 

5-Chloro-4-methyl-thiophene-2-carbaldehyde 

5 [0262] Using a modified procedure of Silverstein et al. (Organic Synthesis Coll. Vol 4, Wiley, NewYork, 1963, N. 
Rabjohn, ed. p 831), to a 80°C pale yellow solution of 2-chloro-3-methyl-thiophene (Crast, L. B., Jr. U.S. Patent 
3290291, Example 2; 70 g, 0.53 mol) in dimethylformamide (48.3 g, 0.66 mol) was added phosphorous oxychloride 
(101.5 g, 0.66 mol) dropwise over 45 min, while maintaining temperature at 80-97°C. The dark brown solution was 
stirred at 90°C for 3 h and poured slowly into water (500 mL) at 90°C. The resultant mixture was steam distilled and 

10 the distillate was cooled to 0°C, affording white crystals. The first 500 ml of distillate was extracted with chloroform and 
concentrated and the residue was recrystallized from hexane (1 50 ml) at -50°C. The crude product (8.6 g) was dissolved 
in hexane (100 ml) and the insoluble material was filtered. The filtrate was diluted with hexane (50 ml), stirred with 
Norit® (2 g), and concentrated. The product was purified by recrystallization from hexane (50 ml) at -40°C and obtained 
as white crystals (7.5 g, 13%). The remaining distillate from the steam distillation was extracted with chloroform (2 x 

15 250 ml) and the white crystals dissolved in chloroform (1 .5 I). The combined organic phases were dried over MgS0 4 , 
filtered, stirred with Norit® (30 g) for 15 min, and concentrated. The residue was dissolved in hexane (350 ml), the 
insoluble material was filtered, the filtrate was stirred at -15 °C for 10 min, and the resultant precipitate was filtered. 
The title product was obtained as pale yellow crystals (48.6 g, 83%). 
mp 39-40°C. 

20 

Example 46b 

2-Chloro-3-methyl-4H-thieno[3 t 2-b]pyrrole-5-carboxylic acid ethyl ester 

25 [0263] 5-Chloro-4-methyl-thiophene-2-carbaldehyde was annulated according to Procedure H (aldehyde and azido- 
acetic acid ethyl ester was added as ethanol solution (1 M of ester) to -20°C ethoxide solution; allow to warm to 10°C 
over 2 h, 10°C 2 h; reaction poured into cold saturated aqueous NH 4 Ci; after ether extraction, acrylate organic phase 
washed with water until aqueous phase was neutral; solution of crude acrylate added to refluxing xylenes over 5 min 
and then heated at reflux). 

30 CIMS m/e 243.8/245.9 (MH + ). 

1 H NMR (CDCI 3 ) 89.25 (br s, 1 H), 7.02 (d, J= 1.9 Hz, 1 H), 4.36 (q , J = 7. 1 Hz, 2H), 2.28 (s, 3H), 1 .38 (t, J = 7.1 Hz, 3H). 

Example 46c 

35 2-Chloro-3-methyl-4H-thieno[3,2-b]pyrrole-5-carboxylicacid 

[0264] 2-Chloro-3-methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid ethyl ester was hydrolyzed according to Proce- 
dure F (50 °C14h). 
CIMS m/e 213.8/215.8 ((M-H) + ). 
40 1H NMR (DMSO-d 6 ) 5 12.61 (br s, 1H), 12.25 (s, 1H), 6.96 (dd, J = 0.5, 2.0 Hz, 1H), 2.23 (s, 1 H). 

Example 47 

2-Chloro-3-methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1 S)-benzyl-3-((3R > 4S)-dihydroxy-pyrrolidin-1 -yl)-(2R)- 
45 hydroxy-3-oxo-propyl]-amide 

[0265] 2-Chloro-3-methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid and (3S)-amino-1-((3R,4S)-dihydroxy-pyrrolid- 
in-1-yl)-(2R)-hydroxy-4-phenyl-butan-1-one were coupled according to Procedure B (4:5 dichloromethane:dimethyl- 
formamide; 2 d reaction time; reaction mixture concentrated to remove dichloromethane; partitioned between ethyl 
so acetate and water; organic phase washed with 2 N HCI prior to saturated aqueous NaHC0 3 ). 
mp 150-153°C; CIMS m/e 478.1/480.1 (MH + ). 

1 H NMR (DMSO-cfe) 511.91 (s, 0.5H), 11.86 (s, 0.5H), 7.82 (d, J = 8.7, 1 H), 7.22 (m, 4H), 7.11 (m, 1H), 7.01 (m, 1H), 
5.07 (d, J = 6.8 Hz, 0.5H), 4.95 (m, 1 H), 4.90 (d, J = 5.0 Hz, 0.5H), 4.82 (d, J = 6.8 Hz, 0.5H), 4.77 (d, J = 3.7 Hz, 0.5H), 
4.44 (m, 1 H), 4.21 (m, 1 H), 4.08-3.88 (m, 1.5H), 3.56 (m, 1 H), 3.40 (m, 0.5H), 324 (m, 1.5H), 3.14 (m, 1H), 3.08 (m, 
55 0.5H), 2.95-2.82 (m, 2H). 
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Example 48 

2-Methylsulfanyl-4H-thieno[3,2-blpyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1-y»-2-oxo- 
ethylj-amide 

5 

[0266] 2-Methylsulfanyi-4H-thieno[3,2-b]pyrrole-5-carboxylic acid and (2S)-amino-1-((3R,4S)-dihydroxy-pyrrolidin- 

1- yl)-3-phenyl-propan-1-one hydrochloride were coupled according to Procedure B (1:1 dichloromethaneidimethylfor- 
mamide; reaction mixture concentrated to remove dichloromethane, partitioned between ethyl acetate and water; or- 
ganic phase washed with 2 N HCt prior to saturated aqueous NaHCOg). 

10 mp 104-110°C; 444.0 ((M-H) + ), 445.9 (MH + ). 

1 H NMR (DMSO-c/ 6 )) 5 11.61 (m, 1H), 8.52 (d, J = 8.6 Hz, 1 H), 7.28-7.12 (m, 6H), 6.97 (d, J = 3.9 Hz, 1 H), 4.99 (d, 
J = 5.1 Hz, 0.5H), 4.91 (d, J = 5.1 Hz, 0.5H), 4.83 (m, 2H), 4.06-3.94 (m, 1 H), 3.80 (m, 2H), 3.43-3.24 (m, 2H), 3.14 
(m, 1H), 3.02-2.87 (m, 2H), 2.46 (s, 3H). 

15 Example 48a 

2- Methy)sulfanyl-4H-thieno[3,2-b]pyrrole-5-cart)oxylic acid ethyl ester 

[0267] 5-Methyisuifanyl-thiophene-2-carba!dehyde was annulated according to Procedure H (aldehyde and azido- 
20 acetic acid ethyl ester added as ethanol solution (1 M of ester) to -20°C ethoxide solution; allow to warm to 10°C over 
4 h; reaction poured into cold saturated aqueous NH 4 CI; after ether extraction, acrylate organic phase washed with 
water until aqueous phase was neutral; crude acrylate solution heated at reflux for 2 h, allowed to cool to room tem- 
perature, stirred overnight). 
CIMS m/e 240.0 ((M-H) + ), 242.0 (MH + ). 
25 1 H NMR (CDCI 3 ) 8 9.05 (br s, 1 H), 7.04 (m, 1 H), 6.97 (s, 1 H), 4.35 (q, J = 7. 1 Hz, 2H), 2.53 (s, 3H), 1 .37 (t, J = 7. 1 Hz, 3H). 

Example 48b 

2-Methylsulfanyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid 

30 

[0268] 2-Methylsulfanyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid ethyl ester was hydrolyzed according to Procedure 
F (40 °C overnight). 
CIMS m/e 21 1.9 ((M-H) + ). 

1 H NMR (DMSO-Cfe)) 5 12.56 (s, 1H), 11.90 (s, 1H), 6.97 (s, 1 H), 6.94 (s, 1 H), 2.47 (s, 1H). 
35 [0269] The following compounds can also be prepared as set forth above: 

2-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [( 1S)-benzyl-2-(3- hydroxy azetidin-1-yl)-2-oxo-ethyl]-amide; 
2-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-(1,1-dioxo-1-thiazolidin-3-yl)-2-oxo-ethyl]- 
amide; 

40 2-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-morpholin-4-yl-2-oxo-ethyl]-amide; 

2-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1 S)-benzyl-2-((3S,4S)-dihydroxypyrrolidin-1 -yl)-2-oxo-ethyl]- 
amide; 

2-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4R)-dihydroxy-pyrrolidin-1-yl)-2-oxo- 
ethylj-amide; and 

45 2-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-(4-hydroxypiperidin-1-yl)-2-oxo-ethyl]-amide. 

BIOLOGICAL PROTOCOLS 

[0270] The utility of the compounds of the present invention as medical agents in the treatment or prevention of 
50 diseases (such as are detailed herein) in animals, particularly mammals (e.g. humans) is demonstrated by the activity 
of the compounds of this invention in conventional assays and the in vitro and in vivo assays described below. Such 
assays also provide a means whereby the activities of the compounds of this invention can be compared with the 
activities of other known compounds. The results of these comparisons are useful for determining dosage levels in 
animals, particularly mammals, including humans, for the treatment of such diseases. 

55 

Glycogen Phosphorylase Production and Assays 

[0271] The three different purified glycogen phosphorylase (GP) isoenzymes, wherein glycogen phosphorylase is in 



59 



EP 1 088 824 B1 



the activated "a" state (referred to as glycogen phosphorylase a, or the abbreviation GPa), and referred to here as 
human liver glycogen phosphorylase a (HLGPa), human muscle glycogen phosphorylase a (HMGPa), and human 
brain glycogen phosphorylase a (HBGPa), can be obtained by the following procedures. 

s Expression and fermentation 

[0272] The HLGP cDNAs (obtained as described in Newgard etai, Proc. Natl. Acad. Scl, 83: 8132-8136 (1986), 
and Newgard et a!., Proc. Natl. Acad. Set., 263: 3850-3857 (1988), respectively) and HMGP cDNAs (obtained by 
screening a Stratagene (Stratagene Cloning Systems, La Jolla, CA) human muscle cDNA library with a polymerase 

to chain reaction (PCR)-generated cDNA fragment based on information and methodology reported for isolation of the 
human skeletal muscle glycogen phosphorylase gene and partial cDNA sequence by Kubisch et ah, Center for Mo- 
lecular Neurobiology, University of Hamburg, Martinistrasse 85, Hamburg, 20246 Germany; Genbank (National Center 
for Biotechnology Information, National Institutes of Health, USA) Accession Numbers U94774, U94775, U94776 and 
U94777, submitted March 20, 1997; Burke era/., Proteins, 2:177-187 (1987); and Hwang era/., Eur. J. Biochem., 152: 

15 267-274 (1985)) are expressed from plasmid pKK233-2 (Pharmacia Biotech. Inc., Piscataway, New Jersey) in E. coli 
strain XL-1 Blue (Stratagene Cloning Systems, LaJoNa, CA). The strain is inoculated into LB medium (consisting of 10 
g tryptone, 5 g yeast extract, 5 g NaCi, and 1 ml 1 N NaOH per liter) plus 100 mg/L ampicillin, 100 mg/l pyridoxine and 
600 mg/L MnCI 2 and grown at 37°C to a cell density of OD 550 = 1.0. At this point, the cells are induced with 1 mM 
isopropyl-1-thio-p-D-galactoside (IPTG). Three hours after induction the cells are harvested by centrifugation and cell 

20 pellets are frozen at -70°C until needed for purification. 

[0273] The HBGP cDNA can be expressed by several methodologies, for example, by the method described by 
Crerar, era/. {J. Biol. Chem. 270:13748-13756 (1995)). The method described by Crerar, era/. (J. Biol. Chem., 270: 
13748-13756 (1995)) for the expression of HBGP is as follows: the HBGP cDNA can be expressed from plasmid 
pTACTAC in E. coli strain 25A6. The strain is inoculated into LB medium (consisting of 1 0 g tryptone, 5 g yeast extract, 

25 5 g NaCI, and 1 mi 1N NaOH per liter) plus 50 mg/L ampicillin and grown overnight, then resuspended in fresh LB 
medium plus 50 mg/L ampicillin, and reinoculated into a 40X volume of LB/amp media containing 250 u.M isopropyl- 
1-thio-p-D-galactoside (IPTG), 0.5 mM pyridoxine and 3 mM MnCI 2 and grown at 22°C for 48-50 hours. The cells can 
then be harvested by centrifugation and ceil pellets are frozen at -7CPC until needed for purification. 
[0274] The HLGP cDNA is expressed from plasmid pBlueBac III (Invitrogen Corp., San Diego, CA) which is cotrans- 

30 fected with BacuIoGold Linear Viral DNA (Pharmingen, San Diego, CA) into Sf9 cells. Recombinant virus is subse- 
quently plaque-purified. For production of protein, Sf9 cells grown in serum-free medium (Sf-900 II serum free medium, 
Gibco BRL, Life Technologies, Grand Island, NY) are infected at an moi of 0.5 and at a cell density of 2X10 6 cells/ml. 
After growth for 72 hours at 27°C, cells are centrif uged, and the cell pellets frozen at -70°C until needed for purification. 

35 Purification of Glycogen Phosphorylase expressed in E. coli 

[0275] The E. coli cells in pellets described above are resuspended in 25 mM (^glycerophosphate (pH 7.0) with 0.2 
mM DTT, 1 mM MgCI 2 , plus the following protease inhibitors: 



40 


0.7 u,g/ml 


Pepstatin A 




0.5 ng/ml 


Leupeptin 




0.2 mM 


phenylmethylsulfonyl fluoride (PMSF), and 




0.5 mM 


EDTA, 



lysed by pretreatment with 200 u.g/ml lysozyme and 3 ug/ml DNAase followed by sonication in 250 ml batches for 5 x 
1 .5 minutes on ice using a Branson Model 450 ultrasonic cell disrupter (Branson Sonic Power Co., Danbury CT). The 
E. coli cell lysates are then cleared by centrifugation at 35,000 X g for one hour followed by filtration through 0.45 
micron filters. GP in the soluble fraction of the lysates (estimated to be less than 1% of the total protein) is purified by 
monitoring the enzyme activity (as described in GPa Activity Assay section, below) from a series of chromatographic 
steps detailed below. 

Immobilized Metal Affinity Chromatography (IMAC) 

[0276] This step is based on the method of Luong et al (Luong et ah Journal of Chromatography 584: 77-84 (1 992)). 
Five hundred ml of the filtered soluble fraction of cell lysates (prepared from approximately 160 - 250 g of original cell 
pellet) are loaded onto a 130 ml column of IMAC Chelating-Sepharose (Pharmacia LKB Biotechnology, Piscataway, 
New Jersey) which has been charged with 50 mM CuCI 2 and 25 mM ^-glycerophosphate, 250 mM NaCI and 1 mM 
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imidazole at pH 7 (equilibration buffer). The column is washed with equilibration buffer until the A 280 returns to baseline. 
The sample is then eluted from the column with the same buffer containing 100 mM imidazole to remove the bound 
GP and other bound proteins. Fractions containing the GP activity are pooled (approximately 600 ml), and ethylene- 
diaminetetraacetic acid (EDTA), DL-dithiothreitol (DTT), phenylmethylsulfonyl fluoride (PMSF), leupeptin and pepstatin 
A are added to obtain 0.3 mM, 0.2 mM, 0.2 mM, 0.5 u.g/ml and 0.7 u^/ml concentrations respectively. The pooled GP 
is desalted over a Sephadex G-25 column (Sigma Chemical Co., St. Louis, Missouri) equilibrated with 25 mM Tris-HCI 
(pH 7.3), 3 mM DTT buffer (Buffer A) to remove imidazole and is stored on ice and subjected to a second chromato- 
graphic step (below) if necessary. 

5'- AMP-Sepharose Chromatography 

[0277] The desalted pooled GP sample (approximately 600mL) is next mixed with 70 ml of 5'-AMP Sepharose (Phar- 
macia LKB Biotechnology, Piscataway, New Jersey) which has been equilibrated with Buffer A (see above). The mixture 
is gently agitated for one hour at 22°C then packed into a column and washed with Buffer A until the fl^so returns to 
baseline. GP and other proteins are eluted from the column with 25 mM Tris-HCI, 0.2 mM DTT and 10 mM adenosine 
5'-monophosphate (AMP) at pH 7.3 (Buffer B). GP-containing fractions are pooled following identification by determin- 
ing enzyme activity described below and visualizing the M, approximately 97 kdal GP protein band by sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) followed by silver staining (2D-silver Stain II "Daiichi Kit 0 , Dai- 
ichi Pure Chemicals Co., LTD., Tokyo, Japan) and then pooled. The pooled GP is dialyzed into 25 mM p-glycerophos- 
phate, 0.2 mM DTT, 0.3 mM EDTA, 200 mM NaCI, pH 7.0 buffer (Buffer C) and stored on ice until use. 
[0278] Prior to use of the GP enzyme, the enzyme is converted from the inactive form as expressed in E. coli strain 
XL-1 Blue (designated GPb) (Stragene Cloning Systems, La Jolla, California), to the active form (designated GPa) by 
the procedure described in Section (A) Activation of GP below. 

Purification of Glycogen Phosphorylase expressed in Sf9 cells 

[0279] The Sf9 cells in pellets described above are resuspended in 25 mM ^-glycerophosphate (pH 7.0) with 0.2 
mM DTT, 1 mM MgCI2, plus the following protease inhibitors: 



0.7 jig/ml 


Pepstatin A 


0.5 fig/ml 


Leupeptin 


0.2 mM 


phenylmethylsulfonyl fluoride (PMSF), and 


0.5 mM 


EDTA, 



lysed by pretreatment with 3 ng/ml DNAase followed by sonication in batches for 3 x 1 minutes on ice using a Branson 
Model 450 ultrasonic cell disrupter (Branson Sonic Power Co., Danbury CT). The Sf9 cell lysates are then cleared by 
centrifugation at 35,000 X g for one hour followed by filtration through 0.45 micron filters. GP in the soluble fraction of 
the lysates (estimated to be 1.5% of the total protein) is purified by monitoring the enzyme activity (as described in 
GPa Activity Assay section, below) from a series of chromatographic steps detailed below 

Immobilized Metal Affinity Chromatography (IMAC) 

[0280] Immobilized Metal Affinity Chromatography is performed as described in the section above. The pooled, de- 
salted GP is then stored on ice until further processed. 

Activation of GP 

[0281] Before further chromatography, the fraction of inactive enzyme as expressed in Sf9 cells (designated GPb) 
is converted to the active form (designated GPa) by the following procedure described in Section (A) Activation of GP 
below. 

Anion Exchange Chromatography 

[0282] Following activation of the IMAC purified GPb to GPa by reaction with the immobilized phosphorylase kinase, 
as described below, the pooled GPa fractions are dialyzed against 25 mM Tris-HCI, pH 7.5, containing 0.5 mM DTT, 
0.2 mM EDTA, 1.0 mM phenylmethylsulfonyl fluoride (PMSF), 1.0 u.g/ml leupeptin and 1.0 jug/ml pepstatin A. The 
fraction is then loaded onto a MonoQ Anion Exchange Chromatography column (Pharmacia Biotech. Inc., Piscataway, 
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New Jersey). The column is washed with equilibration buffer until the A 280 returns to baseline. The sample is then 
eluted from the column with a linear gradient of 0-0.25 M NaCl to remove the bound GP and other bound proteins. GP- 
containing fractions elute between 0.1-0.2 M NaCl range, as detected by monitoring the eluant for peak protein ab- 
sorbance at A 280 . The GP protein is then identified by visualizing the M r approximately 97 kdal GP protein band by 
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) followed by silver staining (2D-silver Stain II 
"Daiichi Kit", Daiichi Pure Chemicals Co., LTD., Tokyo, Japan) and then pooled. The pooled GP is dialyzed into 25 mM 
N,N-bis-(2-hydroxyethyl)-2-aminoethanesulfonic acid (BES), 1.0 mM DTT, 0.5 mM EDTA, 5 mM NaCl, pH 6.8 buffer 
and stored on ice until use. 

Determination of GP Enzyme Activity 

A) Activation of GP: Conversion of GPb to GPa 

[0283] Prior to the determination of GP enzyme activity, the enzyme is converted from the inactive form as expressed 
in £ coli strain XL-1 Blue (designated GPb) (Stragene Cloning Systems, La Jolla, California), to the active form (des- 
ignated GPa) by phosphorylation of GP using phosphorylase kinase as follows. The fraction of inactive enzyme as 
expressed in Sf9 cells (designated GPb) is also converted to the active form (designated GPa) by the follow procedure. 

GP reaction with Immobilized Phosphorylase Kinase 

[0284] Phosphorylase kinase (Sigma Chemical Company, St. Louis, MO) is immobilized on Affi-Gel® 10 (BioRad 
Corp., Melvile, NY) as per the manufacturer's instructions. In brief, the phosphorylase kinase enzyme (10 mg) is incu- 
bated with washed Affi-Gel® beads (1 ml) in 2.5 ml of 100 mM HEPES and 80 mM CaCI 2 at pH 7.4 for 4 hours at 4°C. 
The Affi-Gel® beads are then washed once with the same buffer prior to blocking with 50 mM HEPES and 1 M glycine 
methyl ester at pH 8.0 for one hour at room temperature. Blocking buffer is removed and replaced with 50 mM HEPES 
(pH 7.4), 1 mM p-mercaptoethanol and 0.2% NaN 3 for storage. Prior to use to convert GPb to GPa, the Affi-Gel® 
immobilized phosphorylase kinase beads are equilibrated by washing in the buffer used to perform the kinase reaction, 
consisting of 25 mM p-glycerophosphate, 0.3 mM DTT, and 0.3mM EDTA at pH 7.8 (kinase assay buffer). 
[0285] The partially purified, inactive GPb obtained from S'-AMP-Sepharose chromatography above (from E. coli) or 
the mixture of GPa and GPb obtained from IMAC above (from Sf9 cells) is diluted 1:10 with the kinase assay buffer 
then mixed with the aforementioned phosphorylase kinase enzyme immobilized on the Affi-Gel® beads. NaATP is 
added to 5 mM and MgCI 2 to 6 mM. The resulting mixture is mixed gently at 25°C for 30 to 60 minutes. The activated 
sample is removed from the beads and the percent activation of GPb by conversion to GPa is estimated by determining 
GP enzyme activity in the presence and absence of 3.3 mM AMP. The percentage of total GP enzyme activity due to 
GPa enzyme activity (AMP-independent) is then calculated as follows: 

% of total HLGPa = ^f^^ 
HLGP activity + AMP 

[0286] Alternately, the conversion of GPb to GPa can be monitored by isoelectric focusing, based on the shift in 
electrophoretic mobility that is noted following conversion of GPb to GPa. GP samples are analyzed by isoelectric 
focusing (IEF) utilizing the Pharmacia PfastGel System (Pharmacia Biotech. Inc., Piscataway, New Jersey) using pre- 
cast gels (pi range 4-6.5) and the manufacturer's recommended method. The resolved GPa and GPb bands are then 
visualized on the gels by silver staining (2D-silver Stain II "Daiichi Kit", Daiichi Pure Chemicals Co., LTD., Tokyo, Japan). 
Identification of GPa and GPb is made by comparison to £ coli derived GPa and GPb standards that are run in parallel 
on the same gels as the experimental samples. 

B) GPa Activity Assay 

[0287] The disease/condition treating/preventing activities described herein of the compounds of the present inven- 
tion can be indirectly determined by assessing the effect of the compounds of this invention on the activity of the 
activated form of glycogen phosphorylase (GPa) by one of two methods; glycogen phosphorylase a activity is measured 
in the forward direction by monitoring the production of glucose- 1 -phosphate from glycogen or by following the reverse 
reaction, measuring glycogen synthesis from glucose- 1 -phosphate by the release of inorganic phosphate. All reactions 
are run in triplicate in 96-well microtiter plates and the change in absorbance due to formation of the reaction product 
is measured at the wavelength specified below in a MCC/340 MKII Elisa Reader (Lab Systems, Finland), connected 
to a Titertech Microplate Stacker (ICN Biomedical Co, Huntsville, Alabama). 

[0288] To measure the GPa enzyme activity in the forward direction, the production of glucose- 1 -phosphate from 
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glycogen is monitored by the multienzyme coupled general method of Pesce et ai [Pesce, M.A., Bodourian, S.H., 
Harris, B.C. and Nicholson, J.R Clinical Chemistry 2Z: 1711-1717 (1977)] modified as follows: 1 to 100 pg GPa, 10 
units phosphoglucomutase and 15 units glucose-6-phosphate dehydrogenase (Boehringer Mannheim Biochemicals, 
Indianapolis, IN) are diluted to 1 mL in Buffer D (pH 7.2, 50 mM HEPES, 100 mM KCI, 2.5 mM ethyleneglycoitetraacetic 
5 acid (EGTA), 2.5 mM MgCI 2 , 3.5 mM KH 2 P0 4 and 0.5 mM dithiothreitol). Twenty uJ of this stock is added to 80 |xl of 
Buffer D containing 0.47 mg/mL glycogen, 9.4 mM glucose, 0.63 mM of the oxidized form of nicotinamide adenine 
dinucleotide phosphate (NADP+). The compound to be tested is added as 5 ul of solution in 14% dimethylsulfoxide 
(DMSO) prior to the addition of the enzymes. The basal rate of GPa enzyme activity in the absence of inhibitors, e.g., 
a compound of this invention, is determined by adding 5 uJ of 14% DMSO and a fully-inhibited rate of GPa enzyme 

*o activity is obtained by adding 20 uJ of 50 mM of the positive control test substance, caffeine. The reaction is followed 
at room temperature by measuring the conversion of oxidized NADP+ to reduced NADPH at 340 nm. 
[0289] To measure the GPa enzyme activity in the reverse direction, the conversion of glucose- 1 -phosphate into 
glycogen plus inorganic phosphate is measured by the general method described by Engers et ai [Engers, H.D., 
Shechosky, S. and Madsen, N.B., Can. J. Biochem. 48: 746-754 (1970)] modified as follows: 1 to 100 ug GPa is diluted 

1* to 1 ml in Buffer E (pH 7.2, 50 mM HEPES, 100 mM KCI, 2.5 mM EGTA, 2.5 mM MgCfe and 0.5 mM dithiothreitol). 
Twenty |xl of this stock is added to 80 uJ of Buffer E with 1 .25 mg/ml glycogen, 9.4 mM glucose, and 0.63 mM glucose- 
1 -phosphate. The compound to be tested is added as 5 ul of solution in 1 4% DMSO prior to the addition of the enzyme. 
The basal rate of GPa enzyme activity in the absence of added inhibitors, e.g., a compound of this invention, is deter- 
mined by adding 5 u.l of 14% DMSO and a fully-inhibited rate of GPa enzyme activity is obtained by adding 20 ul of 

20 50 mM caffeine. This mixture is incubated at room temperature for 1 hour and the inorganic phosphate released from 
the glucose- 1 -phosphate is measured by the general method of Lanzetta etal. [Lanzetta, P.A., Alvarez, L.J., Reinach, 
PS. and Candia, O.A. Anal. Biochem, 1 00: 95-97 ( 1 979)] modified as follows: 1 50 ul of 1 0 mg/ml ammonium molybdate, 
0.38 mg/ml malachite green in 1 N HCI is added to 100 uJ of the enzyme mix. After a 20 minute incubation at room 
temperature, the absorbance is measured at 620 nm. 

25 [0290] The above assays carried out with a range of concentrations of test compound allows the determination of 
an IC5Q value (concentration of test compound required for 50% inhibition) for the in vitro inhibition of GPa enzyme 
activity by that test compound. 

[0291] The compounds of this invention are readily adapted to clinical use as hypoglycemic agents. The hypoglyc- 
emic activity of the compounds of this invention can be determined by the amount of test compound that reduces 
30 glucose levels relative to a vehicle without test compound in male ob/ob mice. The test also allows the determination 
of an approximate minimal effective dose (MED) value for the in vivo reduction of plasma glucose concentration in 
such mice for such test compounds. 

[0292] Since the concentration of glucose in blood is closely related to the development of diabetic disorders, the 
compounds of the present invention, by virtue of their hypoglycemic action, prevent, arrest and/or regress diabetic 
35 disorders. 

[0293] Five to eight week old male C57BL/6J-ob/ob mice (obtained from Jackson Laboratory, Bar Harbor, ME) are 
housed five per cage under standard animal care practices. After a one week acclimation period, the animals are 
weighed and 25 microliters of blood are collected from the retro-orbital sinus prior to any treatment. The blood sample 
is immediately diluted 1:5 with saline containing 0.025% sodium heparin, and held on ice for metabolite analysis. 

40 Animals are assigned to treatment groups so that each group has a similar mean for plasma glucose concentration. 
After group assignment, animals are dosed orally each day for four days with the vehicle consisting of either: (1 ) 0.25% 
w/v methyl cellulose in water without pH adjustment; or (2) 0.1 % Pluronic® P105 Block Copolymer Surfactant (BASF 
Corporation, Parsippany, NJ) in 0.1 % saline without pH adjustment. On day 5, the animals are weighed again and 
then dosed orally with a test compound or the vehicle alone. All compounds are administered in vehicle consisting of 

45 either: (1) 0.25% w/v methyl cellulose in water; or 3) neat PEG 400 without pH adjustment; (2) 10% DMSO/0.1% 
Pluronic® in 0. 1 % saline without pH adjustment; or 3) neat PEG 400 without pH adjustment. The animals are then bled 
from the retro-orbital sinus three hours later for determination of blood metabolite levels. The freshly collected samples 
are centrif uged for two minutes at 1 0,000 x g at room temperature. The supernatant is analyzed for glucose, for example, 
by the Abbott VP™ (Abbott Laboratories, Diagnostics Division, Irving, TX)and VP Super System® Autoanalyzer( Abbott 

so Laboratories, Irving, TX), or by the Abbott Spectrum CCX™ (Abbott Laboratories, Irving, TX) using the A-Gent™Glu- 
cose-UV Test reagent system (Abbott Laboratories, Irving, TX) (a modification of the method of Richterich and Dau- 
walder, Schweizerische Medizinische Wochenschrift, 101: 860 (1971)) (hexokinase method) using a 100 mg/dl stand- 
ard. Plasma glucose is then calculated by the equation: 

55 

Plasma glucose (mg/dl)=Sample value x 8.14 
where 8.14 is the dilution factor, adjusted for plasma hematocrit (assuming the hematocrit is 44%). 
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[0294] The animals dosed with vehicle maintain substantially unchanged hyperglycemic glucose levels (e.g. , greater 
than or equal to 250 mg/dl), animals treated with compounds having hypoglycemic activity at suitable doses have 
significantly depressed glucose levels. Hypoglycemic activity of the test compounds is determined by statistical analysis 
(unpaired t-test) of the mean plasma glucose concentration between the test compound group and vehicle-treated 

5 group on day 5. The above assay carried out with a range of doses of a test compound allows the determination of an 
approximate minimal effective dose (MED) value for the in vivo reduction of plasma glucose concentration. 
[0295] The compounds of the present invention are readily adapted to clinical use as hyperinsulinemia reversing 
agents, triglyceride lowering agents and hypocholesterolemic agents. Such activity can be determined by the amount 
of test compound that reduces insulin, triglycerides or cholesterol levels relative to a control vehicle without test com- 

'0 pound in male ob/ob mice. 

[0296] Since the concentration of cholesterol in blood is closely related to the development of cardiovascular, cerebral 
vascular or peripheral vascular disorders, the compounds of this invention, by virtue of their hypocholesterolemic action, 
prevent, arrest and/or regress atherosclerosis. 

[0297] .Since the concentration of insulin in blood is related to the promotion of vascular cell growth and increased 
15 renal sodium retention, (in addition to the other actions, e.g., promotion of glucose utilization) and these functions are 
known causes of hypertension, the compounds of this invention, by virtue of their hypoinsulinemic action, prevent, 
arrest and/or regress hypertension. 

[0298] Since the concentration of triglycerides in blood contributes to the overall levels of blood lipids, the compounds 
of this invention, by virtue of their triglyceride lowering and/or free fatty acid lowering activity prevent, arrest and/or 
20 regress hyperlipidemia. 

[0299] Free fatty acids contribute to the overall level of blood lipids and independently have been negatively correlated 
with insulin sensitivity in a variety of physiologic and pathologic states. 

[0300] Five to eight week old male C57BL76J-ob/ob mice (obtained from Jackson Laboratory, Bar Harbor, ME) are 
housed five per cage under standard animal care practices and fed standard rodent diet ad libitum. After a one week 

25 acclimation period, the animals are weighed and 25 microliters of blood are collected from the retro-orbital sinus prior 
to any treatment. The blood sample is immediately diluted 1 :5 with saline containing 0.025% sodium heparin, and held 
on ice for plasma glucose analysis. Animals are assigned to treatment groups so that each group has a similar mean 
for plasma glucose concentration. The compound to be tested is administered by oral gavage as an about 0.02% to 
2.0% solution (weight/volume (w/v)) in either (1)1 0% DMSO/0. 1 % Pluronic® P1 05 Block Copolymer Surfactant (BASF 

30 Corporation, Parsippany, NJ) in 0.1% saline without pH adjustment or (2) 0.25% w/v methylcellulose in water without 
pH adjustment. Alternatively, the compound to be tested can be adminsitrered by oral gavage dissolved in or in sus- 
pension in neat PEG 400. Single daily dosing (s.i.d.) or twice daily dosing (b.i.d.) is maintained for 1 to, for example, 
1 5 days. Control mice receive the 1 0% DMSO/0. 1 % Pluronic® P1 05 in 0. 1 % saline without pH adjustment or the 0.25% 
w/v methylcellulose in water without pH adjustment, or the neat PEG 400 without pH adjustment. 

35 [0301 ] Three hours after the last dose is administered, the animals are sacrificed by decapitation and trunk blood is 
collected into 0.5 ml serum separator tubes containing 3.6 mg of a 1 :1 weight/weight sodium fluoride: potassium oxalate 
mixture. The freshly collected samples are centrifuged for two minutes at 10,000 x g at room temperature, and the 
serum supernatant is transferred and diluted 1 : 1 volume/volume with a 1 Tl U/ml aprotinin solution in 0. 1 % saline without 
pH adjustment. 

40 [0302] The diluted serum samples are then stored at -80°C until analysis. The thawed, diluted serum samples are 
analyzed for insulin, triglycerides, free fatty acids and cholesterol levels. Serum insulin concentration is determined 
using Equate® RIA INSULIN kits (double antibody method; as specified by the manufacturer) available from Binax, 
South Portland, ME. The inter assay coefficient of variation is < 10%. Serum triglycerides are determined using the 
Abbott VP™ and VP Super System® Autoanalyzer (Abbott Laboratories, Irving, TX), or the Abbott Spectrum CCX™ 

^5 (Abbott Laboratories, Irving, TX) using the A-Gent™ Triglycerides Test reagent system (Abbott Laboratories, Diagnos- 
tics Division, Irving, TX) (lipase-coupled enzyme method; a modification of the method of Sampson, et al., Clinical 
Chemistry 2V. 1983 (1975)). Serum total cholesterol levels are determined using the Abbott VP™ and VP Super Sys- 
tem® Autoanalyzer (Abbott Laboratories, Irving, TX), and A-Gent™ Cholesterol Test reagent system (cholesterol es- 
terase-coupled enzyme method; a modification of the method of Allain, etal. Clinical Chemistry 20: 470(1974)) using 

50 1 00 and 300 mg/dl standards. Serum free fatty acid concentration is determined utilizing a kit from Amano International 
Enzyme Co., Inc., as adapted for use with the Abbott VP™ and VP Super System® Autoanalyzer (Abbott Laboratories, 
Irving, TX), or the Abbott Spectrum CCX™ (Abbott Laboratories, Irving, TX). Serum insulin, triglycerides, free fatty 
acids and total cholesterol levels are then calculated by the equations, 

55 

Serum insulin (nU/ml) = Sample value x 2 
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Serum triglycerides (mg/di) = Sample value x 2 



5 



Serum total cholesterol (mg/dl) = Sample value x 2 



Serum free fatty acid (^Eq/I) = Sample value x 2 



10 where 2 is the dilution factor. 

[0303] The animals dosed with vehicle maintain substantially unchanged, elevated serum insulin (e.g., 275 nil/ml), 
serum triglycerides (e.g., 235 mg/dl), serum free fatty acid (1500 mEq/ml) and serum total cholesterol (e.g., 190 mg/ 
dl) levels, while animals treated with compounds of the present invention generally display reduced serum insulin, 
triglycerides, free fatty acid and total cholesterol levels. The serum insulin, triglycerides, free fatty acid and total cho- 

15 lesterol lowering activity of the test compounds are determined by statistical analysis (unpaired t-test) of the mean 
serum insulin, triglycerides, or total cholesterol concentration between the test compound group and the vehicle-treated 
control group. 

20 Claims 

1 . A compound of Formula 1 : 



25 



30 




0) 



35 



a stereoisomer or pharmaceuticaliy acceptable salt thereof, 
wherein: 



40 



Q is phenyl; 

each of Z and X are independently (C, CH or CHg), N, O or S; 
X 1 isNRa, -CH 2 -,OorS; 

each —is independently a bond or is absent, provided that both — are not simultaneously bonds; 
R 1 is hydrogen or halogen; 

each of R a and R b is independently hydrogen or -C r C 8 alkyl; 
Yis 



45 



50 



Q 




H 
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or absent; 

R 2 is hydrogen, halogen, -C^-alkyl, -CN, -OC-SiMe 3 , SC^-alky! or C 2 _ 8 -alkynyl; 

R3 is hydrogen, halogen, -C r C 8 alkyl, -CN, -C=C-Si(CH 3 ) 3 , -OC r C 8 alkyl, -SC r C 8 alky!, -CF 3 , -NH 2 , 

-NHC r C 8 alkyl, -N(C r C 8 alkyl) 2 , - N0 2 , -C0 2 H, -C0 2 C r C 8 alkyl, -C 2 -C 8 alkenyl, or -C 2 -C 8 alkynyl; 

R4 is -C(=0)-A; 
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A is -NR d R d or 




each R d is independently hydrogen, C r C 8 alkyl, C r C 8 alkoxy, an aryl group selected from phenyl or naphthyl; 
or a heteroaryl group selected from pyridyl, pyrimidinyl, imidazolyl, thienyl, furyl, pyrazinyl, pyrrolyl, pyranyl, 
isobenzofuranyl, chromenyl, xanthenyl, indolyl, isoindolyl, indolizinyl, triazolyl, pyridazinyl, indazolyl, purinyl, 
quinolizinyl, isoquinolyl, quinolyl, phthalazinyl, naphthyridinyl, quinoxalinyl, isothiazolyl, benzo[b]thienyl, oxa- 
zolyl, thiazolyl, imidazolyl, pyrazolyl or isoxazolyl, wherein each aryl or heteroaryl group may optionally be 
substituted by halo, -OC VQ alkyl, -C,_ Q alkyl, -CF 3 , -NH 2 , -NHC^ alkyl, N(C,^ alkyl) 2 , -N0 2 , -CN, -C0 2 H, 
-C0 2 C^g alkyl; 

each R c is independently hydrogen, -C(=0)OR a , -OR a , -SR a or NR a R a ; and 
each n is independently 1-3. 

A compound of claim 1 wherein R b and R 1 are hydrogen. 

A compound of claim 1 wherein 

R b is hydrogen; 
R 1 is hydrogen; 
Yis 



and A is 




A compound of claim 1 wherein 

R b is hydrogen; 
R 1 is hydrogen; 
Y is absent; and 
A is 
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5. A compound of claim 1 wherein 

R b is hydrogen; 
R 1 is hydrogen; 
ZisC; 
X is O or S; 
Y is absent; 
A is 




R 2 is hydrogen; and 

R 3 is hydrogen, halogen or methyl. 

6. A compound of claim 1 wherein A is 




7. A pharmaceutical composition comprising a compound of claim 1 , a stereoisomer or pharmaceutical^ acceptable 
salt thereof, 

8. Use of a compound of formula I defined in any of claims 1 to 6, a stereoisomer or pharmaceutical^ acceptable 
salt thereof or a pharmaceutical composition as defined in claim 7 in the manufacture of a medicament for treating 
or preventing atherosclerosis, diabetes, insulin resistance, diabetic neuropathy, diabetic nephropathy, diabetic 
retinopathy, cataracts, hypercholesterolemia, hypertriglyceridemia, hyperlipidemia, hyperglycemia, hypertension, 
tissue ischemia, or myocardial ischemia, the method comprising the step of administering to a patient having or 
at risk of having atherosclerosis, diabetes, insulin resistance, diabetic neuropathy, diabetic nephropathy, diabetic 
retinopathy, cataracts, hypercholesterolemia, hypertriglyceridemia, hyperlipidemia, hyperglycemia, hypertension, 
tissue ischemia, or myocardial ischemia 

9. Use of a compound of formula I defined in any of claims 1 to 6, a stereoisomer or pharmaceutical^ acceptable 
salt thereof or a pharmaceutical composition as defined in claim 7 in the manufacture of a medicament for inhibiting 
glycogen phosphorylase. 

10. The compound: 

6H-thteno[2,3-b]pyrrole-5-carboxylic acid [(1 S)-benzyl-3-((3R,4S)-dihydroxy-pyrrolidin-1 -yi)-(2R)-hydroxy- 
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3-oxo-propyl]-amide; 

2-bromo-6H-thieno[2,3-b]pyrrole-5-carboxylicacid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

2-methyl-6H-thieno[2,3-b]pyrroIe-5-carboxylic acid [(1S)-benry!-3-((3R l 4S)-dihydroxy pyrrol idin-1-yl)-(2 R)-hy- 
droxy-3-oxo-propyl]-amide; 

(±)-2-methyl-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [1 -benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1 -yl)-2-oxo- 
ethyl]-amide; 

2-bromo-6H-thieno[2,3-b]pyrro!e-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2-oxo- 
ethylj-amide; 

2-chloro-6H-thieno[2,3-b]pyrro!e-5-carboxylic acid [(1S)-benzyl-3-((3R t 4S)-dihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

2-chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1 S)-benryl-2-((3R,4S)-dihydroxypyrrolidin-1 -yl)-2-oxo- 
ethyl]-amide; 

2,4-dichloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxy-pyrrolidin-1-yl) 
-(2R)-hydroxy-3-oxo-propyl]-amide; 

(±)-4H-thieno[3,2-b]pyrro!e-5-carboxylic acid [1-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2-oxo-ethyl]- 
amide; 

2- bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

4H-thieno[3,2-b]pyrrole-5-carboxylic acid f(1 S)-benzyl-3-((3R,4S)-dihydroxy-pyrrolidin-1 -yl)-(2R)-hydroxy- 

3- oxo-propyl]-amide; 

(±)-2-bromo-4H-furo[3,2-b]pyrrote-5-carboxylic acid [1-benzyl-2-((3R f 4S)-dihydroxypyrrolidin-1-yl)-2-oxo- 
ethyl]-amide; 

2-bromo-4H-furo[3 > 2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2-oxo-ethyl]- 
amide; 

2-bromo-4H-thieno[3,2-b]pyrrole-5-carboxyiic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2-oxo- 
ethyi]-amide; 

2-methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1-yl)-2-oxo- 
ethyl]-amide; 

2,4-dichIoro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1-y!)- 
2-oxo-ethyl)-amide; 

2-cyano-6H-thieno[2,3-b]pyrrole-5-carboxyiic acid [(1S)-benzyl-2-(3-hydroxy-azetidin-1-yl)-2-oxo-ethyl]- 
amide; 

2-chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-morpholin-4-y!-2-oxo-ethy!]-amide; 
2-chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1 S)-dimethylcarbamoyI-2-phenylethyl]-amide; 
2-chloro-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1 S)-benzyl-2-(1 ,1 -dioxo-1-thiazo!idin-3-yl)-2-oxo-ethyl]- 
amide; 

1- {(2SH(2-ch!oro-6H-thieno[2,3-b]pyiTole-5-carbonyl)-amino]-3-phenyl-propionyl}-pi 
acid ethyl ester; 

2- bromo-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-(3-hydroxy-azetidin-1-yi)-2-oxo-ethyl]- 
amide; 

2-methyl-4H-furo[3,2-b]pyrro!e-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrro!idin-1-yl)-2-oxo- 
ethyl]-amide; 

2-trimethylsilanylethynyl-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-(3-hydroxy-azetidin-1-yl)- 
2-oxo-ethyl]-amide; 

2-ethynyl-6H-thieno[2,3-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-(3-hydroxyazetidin-1-yl)-2-oxo-ethyl]- 
amide; 

2-fluoro-4H-thieno[3,2-b]pyrrole'5-carboxylic acid [(1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1 -yl)-2-oxo- 
ethyl]-amide; 

2-cyano-4H-f uro[3,2-b]pyrrole-5-carboxylic acid [( 1 S)-benzyl-2-(3-hydroxy-azetidin- 1 -yl)-2-oxo-ethyl]-amide; 
2-chloro-4H-furo[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2-oxo- 
ethyl]-amide; 

2-chloro-4H-furo[3,2-b]pyrrole-5-carboxylic acid [(1 S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1 -yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

1-{(2S)4(2-chloro-6H-thieno[2,3-b]pyrrole-5-carbonyl)-amino]-3-phenyl-propion 
acid; 
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3-chloro-4H-thienot3,2-b]pyrro!e-5-carboxylic acid [(1S)-ben2yl-2-((3R,4S)-dihydroxypyrroiidin-1-yl)-2-oxo- 
ethyl]-amide; 

3^chloro-4H-thieno[3,2-b]pyrrole-5-carboxylicacid [(1S)-ben2yl-3-((3R,4S)-dihydroxypyrrolidin-1-yj)-(2R)-hy- 
droxy-3-oxo-propyi]-amide; 

3-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1 S)-benzyI-2-((3R,4S)-dihydroxypyrrolidin-1 -yl)-2-oxo- 
ethyl]-amide; 

3-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-ben2yl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

2-chloro-4H-thieno[3,2-b]pyrrole-5-carboxylicacid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

2- ch!oro-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [( 1 S)-ben2yl-2-((3R,4S)-dihydroxypyrrolidin-1 -yl)-2-oxo- 
ethyl]-amide; 

3- methyl-4H-lhieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2-oxo- 
ethyl]-amide; 

3-methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1 S)-ben2y!-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

2-cyano-4H-thieno[3,2-b]pyrro!e-5-carboxylic acid [(1 S)-benzyl-2-((3R,4S)-dihydroxypyrro!idin-1 -yl)-2-oxc~ 
ethyl]-amide; 

2- cyano-4H-furo[3,2-b]pyrroie-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

3- bromo-4H-furo[3,2-b]pyrrole-5-carboxylic acid [(1S)-ben2yl-2-((3R,4S)-dihydroxypyrrolidin-1-yl)-2-oxo- 
ethyl]-amide; 

3-bromo-4H-furo[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzy!-3-((3R l 4S)-dihydroxypyrrolidin-1-yl)-(2R)-hy- 
droxy-3-oxo-propyl]-amide; 

4H-1 ,7-dithia-4-a2a-cyclopentata]penta!ene-5-carboxylic acid [(1 S)-benzyl-3-((3R,4S)-dihydroxy-pyrroiidin- 
1 -yl)-(2R)-hydroxy-3-oxo-propyl]-amide; 

4H-1 ,7-dithia-4-a2a-cyclopenta[a]pentalene-5-carboxylic acid [(1 S)-ben2yl-2-((3R,4S)-dihydroxy-pyrrolidin- 

1 - yl)-2-oxo-ethyl]-amide; 

2- chloro-3-methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-benzyl-2-((3R,4S)-dihydroxy-pyrrolidin- 

1- yl)-2-oxo-ethyl]-amide; 

2- chloro-3-methyMH-thieno[3,2-b]pyrroIe-5-carboxylic acid [(1S)-benzyl-3-((3R,4S)-dihydroxy-pyrrolidin- 

1- ylM2R)-hydroxy-3-oxo-propyl]-amide; 

2- methylsulfanyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-ben2yl-2-((3R,4S)-dihydroxy-pyrrolidin- 

1- yl)-2-oxo-ethyl]-amide; 

2- Bromo^H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-ben2yl-2-(3-hydroxya2etidin-1yl)-2-oxo-ethy!]- 
amide; 

2-Bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1 S)-beruy1-2-(1 , 1 -dioxo-1 -thiazolidin-3-yl)-2-oxo-ethyl]- 
amide; 

2-Bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-ben2yl-2-morpholin-4-yl-2-oxo-ethyl]-amide; 
2>bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1 S)-ben2yl-2-((3S,4S)-dihydroxypyrrotidin-1 -yl)-2-oxo- 
ethylj-amide; 

2-bromo-4H-thieno[3,2-b]pyrro!e-5-carboxy!ic acid [(1 S)-benzy!-2-((3R,4R)<lihydroxy-pyrrolidin-1 -yl)-2-oxo- 
ethyl]-amide; or 

2-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid [(1S)-ben2yl-2-(4-hydroxypiperidin-1-yl)-2-oxo-ethyl]- 
amide, or a stereoisomer, pharmaceutical^ acceptable salt or prodrug of the compound, or a pharmaceutical^ 
acceptable salt of the prodrug. 

11. A kit for the treatment of diabetes, insulin resistance, diabetic neuropathy, diabetic nephropathy, diabetic retinop- 
athy, cataracts, hyperglycemia, hypercholesterolemia, hypertension, hyperinsulinemia, hyperlipidemia, athero- 
sclerosis, or tissue ischemia in a patient having diabetes, hyperglycemia, hypercholesterolemia, hypertension, 
hyperinsulinemia, hyperlipidemia, atherosclerosis, or tissue ischemia, the kit comprising: 

a) a first pharmaceutical composition comprising a compound in accordance with claim 1, a stereoisomer or 
a pharmaceutical^ acceptable salt thereof 

b) a second pharmaceutical composition comprising a second compound useful for the treatment of diabetes, 
insulin resistance, diabetic neuropathy, diabetic nephropathy, diabetic retinopathy, cataracts, hyperglycemia, 
hypercholesterolemia, hypertension, hyperinsulinemia, hyperlipidemia, atherosclerosis, or tissue ischemia; 
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and 

c) a container for containing the first and second compositions. 

1 2. Use of a compound of formula I as defined in any of claims 1 to 6, a stereoisomer or a pharmaceutically acceptable 
salt thereof with at least one additional compound useful for the treatment of diabetes, insulin resistance, diabetic 
neuropathy, diabetic nephropathy, diabetic retinopathy, cataracts, hyperglycemia, hypercholesterolemia, hyper- 
tension, hyperinsulinemia, hyperiipidemia, atherosclerosis, or tissue ischemia in the manufacture of a medicament 
for the treatment of diabetes, insulin resistance, diabetic neuropathy, diabetic nephropathy, diabetic retinopathy, 
cataracts, hyperglycemia, hypercholesterolemia, hypertension, hyperinsulinemia, hyperiipidemia, atherosclerosis, 
or tissue ischemia, the method comprising the step of administering to a patient having diabetes, insulin resistance, 
diabetic neuropathy, diabetic nephropathy, diabetic retinopathy, cataracts, hyperglycemia, hypercholesterolemia, 
hypertension, hyperinsulinemia, hyperiipidemia, atherosclerosis, or tissue ischemia. 

1 3. A pharmaceutical composition comprising a compound of claim 1 , a stereoisomer or a pharmaceutically acceptable 
salt thereof and at least one additional compound useful to treat diabetes, insulin resistance, diabetic neuropathy, 
diabetic nephropathy, diabetic retinopathy, cataracts, hyperglycemia, hypercholesterolemia, hypertension, hyper- 
insulinemia, hyperiipidemia, atherosclerosis, or tissue ischemia. 

14. The pharmaceutical composition of claim 13 wherein the second compound is useful to treat diabetes and is 
selected from: 

insulin and insulin analogs; 

GLP-1 (7-37) (insulinotropin) and GLP-1 (7-36)-NH2; 

sulfonylureas and analogs; 

biguanides; 

cc2-antagonists; 

imidazolines; 

glitazones (thiazolidinediones); 
PPAR-gamma agonists 
fatty acid oxidation inhibitors; 
a-glucosidase inhibitors; 
p-agonists; 

phosphodiesterase Inhibitors; 
lipid-lowering agents: 

antiobesity agents 

vanadate, vanadium complexes and peroxovanadium complexes; 

amylin antagonists; 

glucagon antagonists; 

gluconeogenesis inhibitors; 

somatostatin analogs and antagonists; or 

antilipolytic agents. 

15. The pharmaceutical composition of claim 13 wherein the second compound is useful to treat diabetes and is 
selected from: 

LysPro insulin, GLP-1 (7-37) (insulinotropin), GLP-1 (7-36)-NH 2 , chlorpropamide, glibenclamide, tolbutamide, 
tolazamide, acetohexamide, glypizide, glimepiride, repaglinide, meglitinide; metformin, phenformin, buformin, 
midaglizole, isaglidole, dertglidole, idazoxan, efaroxan, fluparoxan, linogliride, ciglitazone, pioglitazone, eng- 
litazone, troglitazone, darglitazone, rosiglitazone, clomoxir, etomoxir, acarbose, miglitol, emiglitate, voglibose, 
benfluorex, fenfluramine, NAG LI VAN R , acipimox, SYMLIN R , nateglinide, camiglibose (MDL73945), p-D-glu- 
copyranoside, [(2R, 3S, 4S, 5R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)-2-piperidinyl]methyt (MDL25637), 
synthetic exendin-4 a polypeptide containing 39 amino acids (AC2993), [4-[(2R)-2-[[(2R)-2-(3-chlorophenyl)- 
2-hydroxyethyI]amino]propyl]phenxoy]-acetic acid (BRL 37344), [4-[-2-[[2-(3-chlorophenyl)-2-hydroxyethyl] 
amino]propyl]phenxoy]- methylacetate (BRL 35135), 4-[(3R)-3-[bis[(2R)-2-hydroxy-2-phenylethyl]amino] 
butyl]-benzamide (Ro 16-8714), N-cyclohexyl-2'-0-methyl-adensoine (WAG 994), 2-[4-[2-[[(2S)-2-hydroxy- 
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3-phenoxypropyl]amino]ethoxy]phenoxy]-N-(2-methoxyethyl)-acetamide (ICI-D 7114), 5-[2-[[2-(3-chlorophe- 
nyl)-2-hydroxyethy1]amino]propyl]-1 ,3-benzodioxole-2,2-dicarboxylic acid disodium salt (CL 31 6243) and (1 S, 
2R)-9"(2-Fluoro-1-methylpropyl)-2-methoxy-6-(1-piperazlnyl)purine hydrochloride (L-686,398). 



Patentanspruche 

1 . Verbindung der Forme! 1 : 



oder ein Stereoisomer oder ein pharmazeutisch akzeptables Salz derselben, worin: 
Q Phenyl bedeutet; 

jeder der Reste Z und X unabhangig voneinander (C, CH oder Chfe), N, O oder S bedeutet; 
X 1 NR a , -CH 2 -, O Oder S bedeutet; 

jedes — unabhangig voneinander eine Bindung bedeutet oder nicht vorhanden ist, wobei beide — nicht gleich- 

zeitig Bindungen sind; 

R 1 Wasserstoff oder Halogen bedeutet; 

jeder der Reste R a und R b unabhangig voneinander Wasserstoff oder -C^-Alkyl bedeutet; 
Y 



bedeutet oder nicht vorhanden ist; 

R 2 Wasserstoff, Halogen, C^-AIkyl, -CN, -OC-SiMe 3 , S-C 1n8 -Alkyl oder C^-Alkinyl bedeutet; 

R3 Wasserstoff, Halogen, -C^-Alky!, -CN, -OC-Si(CH 3 ) 3 , -O-C^-Alkyl, -S-C^-AlkyK-CF^ -NH 2 , -NH-C^- 

Alkyl, -NfC^-Alkyl);,, -N0 2 , -C0 2 H, -CCVC^Q-Atkyl, -C 2 . 8 -Alkenyl oder -C^-Alkinyl bedeutet; R 4 -C(C=0)-A 

bedeutet; 

A -NR d R d oder 



jeder Rest R d unabhangig voneinander Wasserstoff, C^-Alkyl, C^-Alkoxy, eine Arylgruppe, die aus Phenyl 
oder Naphthyl ausgewahlt ist; oder eine Heteroarylgruppe, die aus Pyridyl, Pyrimidinyl, Imidazolyl, Thienyl, 
Furyl, Pyrazinyl, Pyrrolyl, Pyranyl, Isobenzofuranyl, Chromenyl, Xanthenyl, Indolyl, Isoindolyl, Indolizinyl, Tria- 




/ 



OH 





bedeutet; 
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zolyl, Pyridazinyt, Indazolyl, Purinyl, Chinolizinyl, Isochinolyt, Chinolyl, Phthalazinyl, Naphthyridinyl, Chinoxa- 
linyl, Isothiazolyl, Benzo[b]thienyl, Oxazolyl, Thiazolyl, Imidazolyl, Pyrazolyl oder Isoxazolyl ausgewahlt ist, 
wobei jede Aryl- oder Heteroarylgruppe optional mit Halogen, -O-C^-Alkyl, -C^g-Alkyl, -CF 3 , -NH 2 , -NH-C^q- 
Alkyl, H{C VQ -A\ky\) 2 , -N0 2 , -CN, -C0 2 H, -COg-C^g-Alkyl substituiert sein kann, bedeutet; jeder Rest R c un- 
abhangig voneinander Wasserstoff, -C(=0)OR a -OR a , -SR a oder NR a R a bedeutet; und jedes n unabhangig 
voneinander 1 bis 3 bedeutet. 

Verbindung nach Anspruch 1, worin R b und R 1 Wasserstoff sind. 

Verbindung nach Anspruch 1, worin 

R b Wasserstoff ist; 
R 1 Wasserstoff ist; 
Y 



Verbindung nach Anspruch 1, worin 

R b Wasserstoff ist; 

R 1 Wasserstoff ist; 

Y nicht vorhanden ist; und 

A 




ist; 

und A 




ist. 




ist. 



Verbindung nach Anspruch 1, worin 



R b Wasserstoff ist; 
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R 1 Wasserstoff ist; 
Z C ist; 

X O Oder S ist; 

Y nicht vorhanden ist; 

A 




ist; 

R 2 Wasserstoff ist; und 

R 3 Wasserstoff, Halogen oder Methyl ist. 

6. Verbindung nach Anspruch 1 , worin A 




ist. 

7. Pharmazeutische Zusammensetzung, die eine Verbindung nach Anspruch 1, ein Stereoisomer oder ein pharma- 
zeutisch akzeptables Salz derselben umfasst. 

8. Verwendung einer Verbindung der Formel I, die in einem der Anspruche 1 bis 6 definiert ist, eines Stereoisomers 
oder eines pharmazeutisch akzeptabien Salzes derselben oder einer pharmazeutischen Zusammensetzung, die 
in Anspruch 7 definiert ist, zur Herstellung eines Medikaments zur Behandlung oder Prophylaxe von Atheroskle- 
rose, Diabetes, Insulinresistenz, Diabetesneuropathie, Diabetesnephropathie, Diabetesretinopathie, Grauem Star, 
Hypercholesterinamie, Hypertriglyceridamie, Hyperlipidamie, Hyperglykamie, Hypertonie, Gewebeischamie oder 
Myokardischamie, wobei das Verfahren die Stufe der Verabreichung an einen Patienten, der Atherosklerose, Dia- 
betes, Insulinresistenz, Diabetesneuropathie, Diabetesnephropathie, Diabetesretinopathie, Grauen Star, Hyper- 
cholesterinamie, Hypertriglyceridamie, Hyperlipidamie, Hyperglykamie, Hypertonie, Gewebeischamie oder Myo- 
kardischamie hat oder bei dem ein Risiko hierfur besteht, umfasst. 

9. Verwendung einer Verbindung der Formel I, die in einem der Anspruche 1 bis 6 definiert ist, eines Stereoisomers 
oder pharmazeutisch akzeptabien Salzes derselben oder einer pharmazeutischen Zusammensetzung, die in An- 
spruch 7 definiert ist, zur Herstellung eines Medikaments zur Hemmung von Glykogenphosphorylase. 

10. Die Verbindung: 

6H-Thieno[2,3-b]pyrrol-5-carbonsaure-[(1S)-benzyl-3-((3R,4S)-dihydroxy-pyrroHdin-1-ylH2R)-hydroxy- 
3-oxo-propy!]amid; 

2-Brom-6H-thieno[2,3-b]pyrrol-5-ca^ 
xy-3-oxo-propyl]amid; 

2-Methyl-6H-thieno[2,3-b]pyrrol-5-carbonsaure-[( 1 S)-benzyl-3-((3R,4S)-dihydroxy-pyrrolidin- 1 -yl)-(2R)-hy- 

droxy-3-oxo-propyl]amid; 

(±)-2-Methyl-6H-thieno[2,3-b]pyrrol^ 
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thyl]amid; 

2-Brom-6H-thieno[2,3-b]py^ 
amid; 

2-Chlor-6H4hieno[2,3-b]pyrrol-5^ 
xy-3-oxo-propyl]amid; 
2-Chlor-6H4hieno[2,3-b]pyrrol-5^arbo 
amid; 

2,4-DichIor-6H-thieno[2,3-b]pyrrol-5-caro^ 

hydroxy-3-oxo-propyl]amid; 

(±)-4H-Thieno[3,2-b]pyrrol-5-carbonsaur^ 

2- Brom-4H4hieno[3,2-b]pyrrol-5-carbonsa^ 
xy-3-oxo-propyl]amid; 
4HThieno[3,2-b]pyrrol-5-caroonsaure-[0^ 

3- oxopropyl]amid; 

(±)-2-Brom-4H-furo[3,2-b]pyrrol-5<arto^ 
amid; 

2- Brom-4H-furo[3,2-b]pyrrol-5<arbon 

3- oxo-propyl]amid; 

6HThieno[3,2-b]pyrrol-5-carbonsaure-^ 

2-Brom-4H-thieno[3,2-b]pyrrol-5^arb^^ 

amid; 

2-Methyl-4H-thieno[3,2-b]pyrrol-5-ca 
thyljamid; 

2,4-Dichlor-6H-thieno[2,3-b]py^ 
ethyljamid; 

2-Cyano-6H-thieno[2,3-b]pyrrol-5<aito^ 

2-Chlor-6H-thieno[2,3-b]pyrrol-5-carbonsaure-[(1S)-benzyl-2-morpholin-4-yl-2-oxo-ethyl]amid; 

2-Chlor-6H-thieno[2,3-b]pyrrol-5<arbonsaure-[(1S)^imethylcarbamo-2-phenyl-ethyl]^ 

2-Chlor-6H-thieno[2,3-b]pyrrol-5-^ 

1- {(2S)-[(2-Chlor-6H4hieno[2,3-b]pyrrol-5-carbonyl)-amino]-3-phenyl-propionyl^piperidm 
ethylester; 

2- Brom-6H-thieno[2,3-b]pyrrol-5<arbonsaw^^ 

2-Methyi-4H-furo[3,2-b]pyrrol-5^arbonsaure-[(1S)-benzyl-2-((3R,4S)-dihydroxy-pyrrolidin-1-y 
amid; 

2-Trimethylsilanylethinyl-6^ 
2-oxo-ethyl]amid; 

2-Ethinyl-6H-thieno[2,3-b]pyrrol-5^aroonsaure-[(1S)-benzyl-2-(3-hydroxy-azetidin-1-yl)^ 

2-Fluor-4H-thieno[3 t 2-b]pyrrol-5-carbons^ 

amid; 

2-Cyano-4H-furo[3,2-b]pyrro!-5-carbonsaure-[( 1 S)-benzyl-2-(3-hydroxy-azetidin-1 -yl)-2-oxo-ethyl]amid; 

2-Chlor-4H-furo[3,2-b]pyrrol-5<aroons^^ 

amid; 

2- Chlor-4H-furo[3,2-b]pyrrol-5^ 

3- oxo-propyl]amid; 

1- {(2S)42-Chlor-6H-thieno[2 l 3-b]pyrrol-5K^rbonyl)-amino]-3-phenyl-propionyl}-piperidin-^ 
3-Chlor-4H-thieno[3,2-b]pyrrol-5H:aroonsaure-[(1S)-benzyl-2-((3R < 4S)-dihydroxy-pyrrolidin-1-yl)-^ 
amid; 

3-Chlor-4H-thieno[3,2-b]pyrrol-5^ 
xy-3-oxo-propyl]amid; 
3-Brom-4H-thieno[3,2-b]pyrrol-5K;arbo^ 
amid; 

3-Brom-4H-thieno[3,2-b]pyrrol-5^ 
xy-3-oxo-propyl]amid; 

2- Chlor-4H-thieno[3,2-b]pyrrol-5-carbonsaure-[(1S)-benzyl-3-((3R,4S)-dihydroxy-py 
xy-3-oxo-propyl]amid; 

2- Chlor-4H-thieno[3,2-b]pyrro^ 
amid; 

3- Methyl-4H-thieno[3,2-b]py^ 
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thyl]amid; 

3-Methyf-4H-thieno[3,2-b]py^ 
droxy-3-oxo-propyl]amid; 
2-Cyano-4H-thieno[3,2-b]pyrrol-5-^ 
thyl]amid; 

2- Cyano-4H-furo[3,2-b]pyrrol-5-carbonsaure-K^ 
xy-3-oxo-propyl]amid; 

3- Brom-4H-furo[3,2-b]pyrrol-5-carbonsa^^ 
amid; 

3-Brom-4H-furo[3,2-b]pyrrol-5-carbonsau^ 
3-oxo-propyl]amid; 

4H-1,7-Dithia-4-aza-cyclopenta[a]pentalen-5-carbonsa^^ 
-(2R)-hydroxy-3-oxo-propyl]amid; 
4H-1,7-Dithia-4-aza-cyclopenta[a]pentalen-5-ca^^ 
2-oxo-ethyl]amid; 

2-Chlor-3-methyl-4H-thieno[3,2-b]pyrro^ 
2-oxo-ethyl]amid; 

2-Chlor-3-methyl-4H-thieno[3,2-b]pyrrol^ 
-(2R)-hydroxy-3-oxo-propyl]amid; 
2-Methylsulfanyl-4H-thieno[3,2-b]pyrrol-5^ 
2-oxo-ethyl]amid; 

2-Brom-4H-thieno[3,2-b]pyrrol-5-carbons^^ 

2-Brom-4H-thieno[3,2-b]pyrro!-5-carbonsaure-[(1 S)-benzyl-2-(1 ,1 -dioxo-1-thiazolidin-3-yl)-2-oxoethyl]amid; 

2-Brom-4H-thieno[3,2-b]pyrrol-5-carbonsa^re-[0^ 

2-Brom-4H-thieno[3,2-b]pyrrol-5-carbonsa^reW^ 

amid: 

2-Brom-4H-thieno[3,2-b]pyrrol-5-carbonsaure-[( 1 S)-benzyl-2-((3R,4R)-dihydroxy-py rrolidin- 1 -yl)-2-oxoethy!] 
amid; oder 

2-Brom-4H-thienof3,2-b]pyrrol-5-carbonsaure-[(1S)-benzyl-2-(4-hydroxy-piperidin-1-yl)-2-ox 

oder ein Stereoisomer, pharmazeutisch akzeptables Sa!z oder eine Prodrug der Verbindung oder ein pharmazeu- 
tisch akzeptables Salz der Prodrug. 

11. Kitzur Behandiung von Diabetes, Insulinresistenz, Diabetesneuropathie, Diabetesnephropathie, Diabetesretino- 
pathie, Grauem Star, Hyperglykamie, Hypercholesterinamie, Hypertonie, Hyperinsulinamie, Hyperlipidamie, Athe- 
rosklerose oder Gewebeischamie bei einem Patienten mit Diabetes, Hyperglykamie, Hypercholesterinamie, Hy- 
pertonie, Hyperinsulinamie, Hyperlipidamie, Atherosklerose oder Gewebeischamie, wobei das Kit umfasst: 

a) eine erste pharmazeutische Zusammensetzung, die eine Verbindung gemaB Anspruch 1, ein Stereoisomer 
oder ein pharmazeutisch akzeptables Salz derselben umfasst, 

b) eine zweite pharmazeutische Zusammensetzung, die eine zweite Verbindung, die zur Behandiung von 
Diabetes, Insulinresistenz, Diabetesneuropathie, Diabetesnephropathie, Diabetesretinopathie, Grauem Star, 
Hyperglykamie, Hypercholesterinamie, Hypertonie, Hyperinsulinamie, Hyperlipidamie, Atherosklerose oder 
Gewebeischamie verwendbar ist, umfasst; und 

c) einen Behalter zur Aufnahme der ersten und zweiten Zusammensetzung. 

12. Verwendung einer Verbindung der Formel I, die in einem der Anspruche 1 bis 6 definiert ist, eines Stereoisomers 
oder eines pharmazeutisch akzeptablen Salzes derselben mit mindestens einer weiteren Verbindung, die zur Be- 
handiung von Diabetes, Insulinresistenz, Diabetesneuropathie, Diabetesnephropathie, Diabetesretinopathie, 
Grauem Star, Hyperglykamie, Hypercholesterinamie, Hypertonie, Hyperinsulinamie, Hyperlipidamie, Atheroskle- 
rose oder Gewebeischamie verwendbar ist, zur Herstellung eines Medikaments zur Behandiung von Diabetes, 
Insulinresistenz, Diabetesneuropathie, Diabetesnephropathie, Diabetesretinopathie, Grauem Star, Hyperglyk- 
amie, Hypercholesterinamie, Hypertonie, Hyperinsulinamie, Hyperlipidamie, Atherosklerose oder Gewebeisch- 
amie, wobei das Verfahren die Stufe der Verabreichung an einen Patienten mit Diabetes, Insulinresistenz, Diabe- 
tesneuropathie, Diabetesnephropathie, Diabetesretinopathie, Grauem Star, Hyperglykamie, Hypercholesterin- 
amie, Hypertonie, Hyperinsulinamie, Hyperlipidamie, Atherosklerose oder Gewebeischamie umfasst. 



75 



EP 1 088 824 B1 

13. Pharmazeutische Zusammensetzung, die eine Verbindung nach Anspruch 1, ein Stereoisomer Oder ein pharma- 
zeutisch akzeptables Salz derselben und mindestens eine weitere Verbindung, die zur Behandlung von Diabetes, 
Insulinresistenz, Diabetesneuropathie, Diabetesnephropathie, Diabetesretinopathie, Grauem Star, Hyperglyk- 
amie, Hyperchoiesterinamie, Hypertonie, Hyperinsulinamie, Hyperlipidamie, Atherosklerose Oder Gewebeisch- 
amie verwendbar ist, umfasst. 

14. Pharmazeutische Zusammensetzung nach Anspruch 13, wobei die zweite Verbindung zur Behandlung von Dia- 
betes verwendbar ist und ausgewahlt ist aus: 

Insulin und Insulinanaloga, GLP-1(7-37) (Insulinotropin) und GLP-1(7-36)-NH2, 

Sulfonytharnstoffen und Analoga, 

Biguaniden, 

a2-Antagonisten, 

Imidazolinen, 

Glitazonen (Thiazolidindionen), 

PPAR-yAgonisten, 

Fettsaureoxidationsinhibitoren, 

cc-Glucosidaseinhibitoren, 

P-Agonisten, 

Phosphodiesteraseinhibitoren, 

lipidsenkenden Mitteln, 

Anti-Adipositas-Mitteln, 

Vanadat, Vanadiumkomplexen und 

Peroxovanadiumkomplexen, 

Amylinantagonisten, 

Glucagonantagonisten, 

Gluconeogeneseinhibitoren, 

Somatostatinanaloga und -antagonisten, oder Antilipolysemitteln. 

15. Pharmazeutische Zusammensetzung nach Anspruch 13, wobei die zweite Verbindung zur Behandlung von Dia- 
betes verwendbar ist und ausgewahlt ist aus: 

LysPro-lnsulin, GLP-1(7-37)(lnsulinotropin), GLP-1(7-36)-NH2, Chlorpropamid, Glibendamid, Tolbutamid, To- 
lazamid, Acetohexamid, Glypizid, Glimepirid, Repaglinid, Meglitinid; Metformin, Phenformin, Buformin, Midag- 
lizol, Isaglidol, Deriglidol, Idazoxan, Efaroxan, Fluparoxan, Linogiirid, Ciglitazon, Pioglitazon, Englitazon, 
Troglitazon, Darglitazon, Rosiglitazon, Clomoxir, Etomoxir, Acarbose, Miglitol, Emiglitat, Voglibose, Benfluor- 
ex, Fenfluramin, NAG LI VAN®, Acipimox, SYMLIN®, Nateglinid, Camiglibose (MDL73945), p-D-Glucopyrano- 
sid, [(2R,3S,4S,5R t 6R)-3,4,5-Trihydroxy-6-(hydroxymethyl)-2-piperidinyl]methyl (MDL25637), synthetisches 
Exendin-4- ein 39 Aminosauren enthaltendes Polypeptid (AC2993), [4-[(2R)-2|I(2R)-2-(3-Chlorphenyl)-2-hy- 
droxyethyl]amino]propyl]phenoxy]-essigsaure (BRL37344), [4-[2[[2-(3-Ch!orphenyl)-2-hydroxyethyl]amino] 
propyl]phenoxy]-methylacetat (BRL35135), 4-[(3R)-3-tBis[(2R)-2-hydroxy-2-phenylethyl]amino]butyi]-benza- 
mid (Ro 16-8714), N-CyclohexyI-2'-0-methyl-adensoin (WAG 994), 2-[4-[2-[[(2S)-2-Hydroxy-3-phenoxypro- 
pyl]amino]ethoxy]phenoxy]-N-(2-methoxyethyl)-acetamid (ICI-D 7114), 5-[2-[[2-(3-Chlorphenyl)-2-hydroxye- 
thyl]amino]propyl]-1,3-benzodioxol-2,2-dicarbonsaure-dinatriumsalz (CL 316243) und (1S,2R)-9-(2-Fluor- 
1-methylpropyl)-2-methoxy-6-(1-piperazinyl)purinhydrochlorid (L-686 398). 



Revendications 

1 . Compose de formule I : 
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G) 



un de ses stereoisomeres ou un de ses sels pharmaceutiquement acceptables, 
formule dans laquelle : 

Q represente un groupe phenyle ; 

chacun des groupes Z et X represente independamment (C, CH ou Chy, N, O ou S ; 
X 1 represente un groupe NR a , -CH 2 -, O ou S ; 

chaque symbole — represente independamment une liaison ou est absent, sous reserve que deux symboles 

— ne represented pas simultanement des liaisons ; 

R 1 represente un atome d'hydrogene ou un atome d'halogene ; 

chacun des groupes R a et R b represente independamment un atome d'hydrogene ou un groupe -alkyle en C t 



ou est absent ; 

R 2 represente un atome d'hydrogene, un atome d'halogene, un groupe alkyle en C t a C 8 , -CN, -C^C-SiMe 3 , 
S(alkyle en C 1 a C 8 ) ou alcynyle en C 2 a C 8 ; 

R 3 represente un atome d'hydrogene, un atome d'halogene, un groupe -alkyle en a C 8 , -CN, -C=C-Si 
(CH 3 ) 3 , -0(alkyle en C 1 a C 8 ), -S (alkyle en C t a C 8 ), -CF 3 , -NH 2 , -NH(alkyle en C y a C 8 ), -N(alkyle en C t a 
C 8 ) 2 , -N0 2 , -C0 2 H, -C0 2 (alkyle en C 1 a C 8 ), -alcenyle en C 2 a C 8 ou -alcynyle en C 2 a C 8 ; 
R 9 represente un groupe -C(=0)-A ; 
A represente un groupe -NR d R d ou 



chaque groupe R d represente independamment un atome d'hydrogene, un groupe alkyle en Cf a C 8 , un groupe 
alkoxy en C 1 a C 8> un groupe aryle choisi entre les groupes phenyle et naphtyle ; ou un groupe h6teroaryle 
choisi entre les groupes pyridyle, pyrimidinyle, imidazolyle, thi§nyle, furyle, pyrazinyle, pyrrolyle, pyranyle, 
isobenzofuranyle, chromenyle, xanthenyle, indolyle, isoindolyle, indolizinyle, triazolyle, pyridazinyle, indazo- 
lyle, purinyle, quinolizinyle, isoquinolyle, quinolyle, phtalazinyle, naphtyridinyle, quinoxalinyle, isothiazolyle, 
benzo[b]thieny!e, oxazolyle, thiazolyle, imidazolyle, pyrazolyle ou isoxazolyle, dans lequel chaque groupe 
aryle ou heteroaryie peut etre facultativement susbtitue avec un substituant halogeno, -0(alkyle en C t a C 8 ), 



aC 8 ; 

Y represente un groupe 




H 
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-alkyle en C, a C 8 , -CF 3 , -NH 2 , -NH(alkyle en C, a C 8 ), N (alkyle en C t a C 8 ) 2 , -N0 2 , -CN, -C0 2 H ou -C0 2 
(alkyle en Cj a C 8 ) ; 

chaque groupe R c represente independamment un atome d'hydrogene, un groupe -C(=0)OR a , -OR a , -SR a 
ouNR a R a ;et 

chaque indice n a independamment une valeur de 1 a 3. 

2. Compose suivant la revendication 1, dans lequel R b et R 1 represented des atomes d'hydrogene. 

3. Compose suivant la revendication 1, dans lequel 

R b represente un atome d'hydrogene, 
R 1 represente un atome d'hydrogene, 
Y represente un groupe 




et A represente un groupe 




4. Compose suivant la revendication 1, dans lequel 

R b represente un atome d'hydrogene, 
R 1 represente un atome d'hydrogene, 
Y est absent ; et 
A represente un groupe 




5. Compose suivant la revendication 1, dans lequel 

R b represente un atome d'hydrogene, 

R 1 represente un atome d'hydrogene, 

Z represente C, 

X represente 0 ou S, 

Y est absent, 

A represente un groupe 
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R 2 represente un atome d'hydrogene ; et 

R 3 represente un atome d'hydrogene, un atome d'halogene ou un groupe methyle. 
6. Compose suivant la revendication 1 , dans lequel A represente un groupe 




7. Composition pharmaceutique comprenant un compose suivant la revendication 1, un de ses stereoisomers ou 
un de ses sels pharmaceutiquement acceptables. 

8. Utilisation d'un compose de formule I suivant Tune quelconque des revendications 1 a 6, d'un de ses stereoiso- 
meres ou d'un de ses sels pharmaceutiquement acceptables ou d'une composition pharmaceutique suivant la 
revendication 7 dans la production d'un medicament destine au traitement ou a la prevention de I'atherosclerose, 
du diabete, de la resistance a I'insuline, de la neuropathie diabetique, de la nephropathie diabetique, de la retino- 
pathie diabetique, des cataractes, de I'hypercholesterolemie, de I'hypertriglyceridemie, de I'hypertipidemie, de Thy- 
perglycemie, de ['hypertension, d'une ischemie tissulaire ou d'une ischemie myocardique, la methode comprenant 
I'etape d'administration a un patient souffrant ou presentant un risque de souffrir d'atherosclerose, du diabete, de 
la resistance a Tinsuline, d'une neuropathie diabetique, d'une nephropathie diabetique, d'une retinopathie diabe- 
tique, de cataractes, d'une hypercholesterolemie, d'une hypertriglyceridemie, d'une hyperlipidemie, d'une hyper- 
glycemie, d'hypertension, d'une ischemie tissulaire ou d'une ischemie myocardique. 

9. Utilisation d'un compose de formule I suivant Tune quelconque des revendications 1 a 6, d'un de ses stereoiso- 
meres ou d'un de ses sels pharmaceutiquement acceptables ou d'une composition pharmaceutique suivant la 
revendication 7 dans la production d'un medicament destine a inhiber la glycogene-phosphorylase. 

10. Compose consistant en : 

[(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidine-1-yl)-(2R)-hydroxy-3-oxopropyl]-amide d'acide 6H-thieno[2,3-b] 
pyrrole-5-carboxylique ; 

[(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidine-1-yl)-(2R)-hydroxy-3-oxopropyl]-amide d'acide 2-bromo-6H- 
thie no[2,3-b]pyrrole-5-carboxylique ; 

[(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidine-1-yl)-(2R)-hydroxy-3-oxopropyl]-amide d'acide 2-methyl-6H- 
thieno[2,3-b]pyrrole-5-carboxylique ; 

[1-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1-yl)-2-oxoethyl]-amide d'acide (±)-2-methyl-6H-thieno[2,3-b]pyr- 
role-5-carboxy!ique ; 

t(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1-yl)-2-oxoethyl]-amide d'acide 2-bromo-6H-thieno[2 t 3-b]pyrro- 
le-5-carboxylique ; 

[(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidine-1-yl)-(2R)-hydroxy-3-oxopropyl]-amide d'acide 2-chloro-6H- 
thieno[2,3-b]pyrrole-5-carboxylique ; 

[(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1-yl)-2-oxoethyl]-amide d'acide 2-chloro-6H-thieno[2,3-b]pyrro- 
le-5-carboxylique ; 

[(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidine-1-yl)-(2R)-hydroxy-3-oxopropyl]-amide d'acide 2,4-dichloro-6H- 
thieno[2,3-b]pyrrole-5-carboxylique ; 
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[l-benzyl^-WSR^SJ-dihydroxypyrrolidine-l-ylJ-a-oxoethyll-amide d'acide (±)-4H-thieno[3,2-b]pyrrole- 
5-carboxylique ; 

[(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidine-1-yl)-(2R)-hydroxy-3-oxopropyl]-amide d'acide 2-bromo-4H- 
thieno[3,2-b]pyrrole-5-carboxylique ; 

[(1 S)-benzyl-3-((3R,4S)-dihydroxypyrrolidine-1 -yl)-(2R)-hydroxy-3-oxopropyl>amide d'acide 4H-thieno[3,2-b] 
pyrrole-5-carboxylique ; 

[1-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1-yl)-2-oxoethyl]-amide d'acide (f^-bromcMH-furoP^-blpyrrole- 
5-carboxylique ; 

[(1S)-benzyl-3-((3R,4S)KJihydroxypy^ d'acide 2-bromo-4H- 

furo[3,2-b]pyrrole-5-carboxylique ; 

[(1S)-ben2yl-2-((3R,4S)-dihydroxypyrroiidine-1-yl)-2-oxoethyl]-amide d'acide 6H-thieno[2,3-b]pyrrole- 
5-carboxylique ; 

[(1S)-benzyl-2-((3R,4S)<iihyd^ 2-bromo-4H-thieno[3,2-b]pyrro- 
le-5-carboxylique ; 

[(1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1 -yl)-2-oxoethyl]-amide d'acide 2-methy!-4H-thieno[3,2-b]pyrro- 
le-5-carboxylique ; 

[(1S)-benzyl-2-((3R t 4S)-dihydroxypyrrolidine-1-yl)-2-oxoethyl]-amide d'acide 2,4-dichloro-6H-thieno[2,3-b] 
pyrrole-5-carboxylique ; 

[(1S)-benzyl-2-(3-hydroxyazetidine-1-yl)-2-oxoethyl]-amide d'acide 2-cyano-6H-thieno[2,3-b]pyrrole- 
5-carboxylique ; 

[(1 S)-benzyl-2-morpholine-4-yl-2-oxoethyl]-amide d'acide 2-chloro-6H-thieno[2,3-b]pyrrole-5-carboxylique ; 
[(1 S)-dimethylcarbamoyl-2-phenylethyl]amide d'acide 2-chloro-6H-thieno[2,3-b]pyrrole-5-carboxylique ; 
[(1 S)-benzyl-2-( 1 , 1 -dioxo-1 -thiazolidine-3-y!)-2-oxoethyl]-amide d'acide 2-chloro-6H-thieno[2,3-b]pyrrole- 
5-carboxylique ; 

Ester ethylique d'acide 1 -{(2S)-[(2-ch!oro-6H-thieno[2,3-b]py^ 
p6ridine-4-carboxylique ; 

[(1 S)-benzyl-2-(3-hydroxyazetidine-1 -yl)-2-oxoethyl]amide d'acide 2-bromo-6H-thieno[2,3-b]pyrrole- 
5-carboxylique ; 

[(1S)-benzyi-2-((3R,4S)KJihydroxypyrrolidine-1-yl)-2-oxoethyl]-amide d'acide 2-methyl-4H-furo[3,2-b]pyrrole- 
5-carboxylique ; 

[(1 S)-benzyl-2-(3-hydroxyazetidine-1 -yl)-2-oxoethyl]-amide d'acide 2-trimethylsilanyiethynyl-6H-thieno[2,3-b] 
pyrrole-5-carboxylique ; 

[(1S)-benzyl-2*(3-hydroxyazelidine-1-yl)-2-oxoethyl]-amide d'acide 2-ethynyl-6H-thieno[2,3-b]pyrrole- 
5-carboxylique ; 

[(1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1 -yl)-2-oxoethyl]amide d'acide 2-fluoro-4H-thieno[3,2-b]pyrro- 
le-5-carboxylique ; 

t(1S)-benzyl-2-(3-hydroxyazetidine-1-yl)-2-oxoethyl]amide d'acide 2-cyano-4H-furo[3,2-b]pyrrole- 
5-carboxylique ; 

[(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1-yl)-2-oxoethyl]amide d'acide 2-chloro-4H-furo[3,2-b]pyrrole- 
5-carboxylique ; 

[(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidine-1-yl)-(2R)-hydroxy-3-oxopropyl]-amide d'acide 2-chloro-4H- 
furo[3,2-b]pyrrole-5-carboxylique ; 

Acide 1-{(2S)-[(2-chloro-6H4hieno[2,3-b]pyrrole-5-carbonyl)-amino]-3-phenylpropionyl}pipe 
4-carboxylique ; 

[(1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1 -yl)-2-oxoethyl)amide d'acide 3-chloro-4H-thieno[3,2-b]pyrro- 
le-5-carboxylique ; 

[(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidine-1-yl)-(2R)-hydroxy-3-oxopropyl]amide d'acide 3-chloro-4H-thie- 
no[3,2-b]pyrrole-5-carboxylique ; 

[(1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1 -yl)-2-oxoethyl]-amide d'acide 3-bromo-4H-thieno[3,2-b]pyrro- 
le-5-carboxylique ; 

[(1S)-benzyl-3-((3R t 4S)-dihydroxypyrrolidine-1-yl)-(2R)-hydroxy-3-oxopropyl]-amide d'acide 3-bromo-4H- 
thieno[3,2-b]pyrrole-5-carboxylique ; 

[(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidine^^ 2-chloro-4H-thie- 
no[3,2-b]pyrrole-5-carboxylique ; 

t(1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1 -yl)-2-oxoethyl]amide d'acide 2-chloro-4H-thieno[3,2-b]pyrro- 
le-5-carboxylique ; 

[(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1-yl)-2-oxoethyl]amide d'acide 3-methyl-4H-thieno[3,2-b]pyrro- 
le-5-carboxylique ; 
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[(1S)-benzyI-3-((3R,4S)-dihydroxypyrrolidine-1-yl)-(2R)-hydroxy-3-oxopropyl]amide d'acide 3-methyl-4H- 
thieno[3,2-b]pyrro!e-5-carboxylique ; 

[(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1-yl)-2-oxoethyl]amide d'acide 2-cyano-4H-thieno[3,2-b]pyrro- 
le-5-carboxylique ; 

[(1S)-benzyl-3-((3R,4S)KJihydroxypyrrolidine-1-yl)-(2R)-hydroxy-3-oxopropyl]-amide d'acide 2-cyano-4H-furo 
[3,2-b]pyrrole-5-carboxylique ; 

[(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1-yl)-2-oxoethylJamide d'acide 3-bromo-4H-furo[3,2-b]pyrrole- 
5-carboxylique ; 

[(1S)-benzyl-3-((3R,4S)<lihydroxypyrrolidine-1-yl)-(2R)-hydroxy-3-oxopropyl]-amide d'acide 4H-1,7-dithia- 
4-azacyclopenta[a]pentalene-5-carboxylique ; 

[(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidine-1-yl)-(2R)-hydroxy-3-oxopropyl]-amide d'acide 4H-1,7-dithia- 

4- azacyclopenta[a]pentalene-5-carboxylique ; 

[(1 S)-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1-yl)-2-oxoethyl]amide d'acide 4H-1 ,7-dithia-4-azacyclopenta 
[a]pentalene-5-carboxylique ; 

[(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1-yl)-2-oxoethyi]-amide d'acide 2-ch!oro-3-methyl-4H-thie- 
no-[3,2-b]pyrrole-5-carboxylique ; 

[(1S)-benzyl-3-((3R,4S)-dihydroxypyrrolidine-1-yl)-(2R)hydroxy-3-oxopropylhamide d'acide 2-chloro-3-me- 
thyl-4H-thieno[3,2-b]pyrrole-5-carboxylique; 

[(1S)-benzyl-2-((3R,4S)-dihydroxypyrrolidine-1-yl)-2-oxoethyl]-amide d'acide 2-methylsulfanyl-4H-thieno 
[3,2-b]pyrrole-5-carboxylique ; 

[(1S)-benzyl-2-(3-hydroxyazetidine-1-yl)-2-oxoethyl]-amide d'acide 2-bromo-4H-thieno[3,2-b]pyrrole- 

5- carboxyIique ; 

[(1 S)-benzyl-2-(1 ,1-dioxo-1-thiazo!idine-3-yi)-2-oxoethyl]-amide d'acide 2-bromo-4H-thieno[3,2-b]pyrrole- 
5-carboxylique ; 

[(1S)-benzyl-2-moroholine-4-yl-2-oxoethyl]-amide d'acide 2-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylique ; 
[(1 S)-benzyl-2-((3S,4S)-dihydroxypyrrolidine-1 -yl)-2-oxoethyl]amide d'acide 2-bromo-4H-thieno[3,2-b]pyrro- 
le-5-carboxylique ; 

[(1S)-benzyl-2-((3R,4R)-dihydroxypyrrolidine-1-yl)-2-oxoethyl]-amided'acide2-bromo-4 
le-5-carboxylique ; ou 

[(1S)-benzyl-2-(4-hydroxypiperidine-1-yl)-2-oxoethyl]-amide d'acide 2-bromo-4H-thieno[3,2-b]pyrrole-5-car- 
boxylique, ou un stereoisomere, un sel pharmaceutiquement acceptable ou un precurseur medicamenteux 
du compost, ou un sel pharmaceutiquement acceptable du precurseur medicamenteux. 

11. Kit pour le traitement du diabete, de la resistance a I'insuline, de la neuropathie diabetique, de la nephropathie 
diabetique, de la retinopathie diabetique, des cataractes, de I'hyperglycemie, de I'hypercholesterolemie, de I'hy- 
pertension, de rhyperinsulinemie, de I'hyperlipidemie, de I'atherosclerose ou d'une ischemie tissulaire chez un 
patient souffrant de diabete, d'hyperglycemie, d'hypercholesterolemie, d'hypertension, d'hyperinsulinemie, d'hy- 
perlipidemie, d'atherosclerose ou d'une ischemie tissulaire, kit comprenant : 

a) une premiere composition pharmaceutique comprenant un compose suivant la revendication 1, un de ses 
stereoisomeres ou un de ses sels pharmaceutiquement acceptables ; 

b) une seconde composition pharmaceutique comprenant un second compose utile pour le traitement du 
diabete, de la resistance a I'insuline, de la neuropathie diabetique, de la nephropathie diabetique, de la reti- 
nopathie diabetique, des cataractes, de I'hyperglycemie, de I'hypercholesterolemie, de I'hypertension, de rhy- 
perinsulinemie, de I'hyperlipidemie, de I'atherosclerose ou d'une ischemie tissulaire ; et 

c) un recipient destine a contenir les premiere et seconde compositions. 

12. Utilisation d'un compose de formule I suivant I'une quelconque des revendications 1 a 6, d'un de ses stereoiso- 
meres ou d'un de ses sels pharmaceutiquement acceptables, avec au moins un compose supplemental utile 
pour le traitement du diabete, de la resistance a I'insuline, de la neuropathie diabetique, de la nephropathie dia- 
betique, de la retinopathie diabetique, des cataractes, de I'hyperglycemie, de I'hypercholesterolemie, de I'hyper- 
tension, de rhyperinsulinemie, de I'hyperlipidemie, de I'atherosclerose ou d'une ischemie tissulaire dans la pro- 
duction d'un medicament pour le traitement du diabete, de la resistance a I'insuline, de la neuropathie diabetique, 
de la nephropathie diabetique, de la retinopathie diabetique, des cataractes, de I'hyperglycemie, de I'hypercho- 
lesterolemie, de I'hypertension, de rhyperinsulinemie, de I'hyperlipidemie, de I'atherosclerose ou d'une ischemie 
tissulaire, methode comprenant retape consistant a administrer a un patient souffrant de diabete, de resistance a 
I'insuline, d'une neuropathie diabetique, d'une nephropathie diabetique, d'une retinopathie diabetique, de catarac- 
tes, d'une hyperglycemic, d'une hypercholesterolemie, d'hypertension, d'une hyperinsulinemie, d'une hyperlipide- 
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mie, d'ath§rosclerose ou d'une isch§mie tissulaire. 

13. Composition pharmaceutique comprenant un compose suivant la revendication 1, un de ses stereoisomers ou 
un de ses pharmaceutiquement acceptables et au moins un compose supple mentai re utile pour le traitement du 
diabete, de la resistance a Nnsuline, de la neuropathie diabetique, de la nephropathie diabetique, de la retinopathie 
diabetique, des cataractes, de Thyperglycemie, de Thypercholesterolemie, de I'hypertension, de I'hyperinsulinemie, 
de I'hyperlipidemie, de I'atherosclerose ou d'une ischemie tissulaire. 

14. Composition pharmaceutique suivant la revendication 13, dans laquelle le second compose est utile pour le trai- 
tement du diabete et est choisi entre : 

I'insuline et des analogues d'insuline, 

la GLP-1 (7-37) (insulinotropine) et la GLP-1 (7-36)-!^ ; 

des sulfonylurees et leurs analogues ; 

des biguanides ; 

des antagonistes a2 ; 

des imidazolines ; 

des glitazones (thiazolidinediones) ; 
des agonistes de PPAR-gamma ; 
des inhibiteurs d'oxydation des acides gras ; 
des inhibiteurs d'alpha-glucosidase ; 
des agonistes p ; 

des inhibiteurs de phosphodiesterase ; 
des agents abaissant les taux de lipides ; 
des agents antiobestte ; 

le vanadate, des composes de vanadium et des complexes de peroxovanadium ; 

des antagonistes d'amyline ; 

des antagonistes du glucagon ; 

des inhibiteurs de gluconeogenese ; 

des analogues et antagonistes de somatostatine ; ou 

des agents antilipolytiques. 

15. Composition pharmaceutique suivant la revendication 13, dans laquelle le second compose est utile pour le trai- 
tement du diabete et est choisi entre : 

la LysPro-insuline, la GLP-1(7-37) (insulinotropine), la GLP-1 (7-36)-!^, !e chlorpropamide, le glibenclamide, 
le tolbutamide, le tolazamide, I'acetohexamide, le glypizide, le glimepiride, le repaglinide, le meglitinide; la 
metformine, la phenformine, la buformine, le midaglizole, I'isaglidole, le derigiidole, I'idazoxan, Tefaroxan, le 
fluparoxan, le linogliride, la ciglitazone, la pioglitazone, J'englitazone, la troglitazone, la darglitazone, la rosi- 
glitazone, le clomoxir, I'etomoxir, I'acarbose, le miglitol, I'emiglitate, le voglibose, le benfluorex, la fenfluramine, 
le NAVIGLAN®, I'acipimox, le SYMLIN®, le nateglinide, le camiglibose (MDL73945), le 0-D-giucopyranoside, 
le [(2R, 3S, 4S, 5R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)-2-piperidinyl]methyle (MDL25637), l'exendine-4 
synthetique consistant en un polypeptide contenant 39 amino-acides (AC2993), I'acide [4-[(2R)-2-[[(2R)- 
2-(3-chlorophenyl)-2-hydroxyethyl]amino]propyl]phenoxy]acetique(BRL37344),racetatede4-[2-[I2-(3- 
phenyl)-2-hydroxyethyl]amino]propyI]phenoxy]methyle (BRL 35135), le 4-[(3R)-3-[bis[(2R)-2-hydroxy-2-phe- 
nylethyl]amino]butyl]-benzamide (Ro 16-8714), la N-cyclohexyl-2'-0-methyladensoIne (WAG 994), le 
2-[4-[2-[[(2S)-2-hydroxy-3-phenoxy-3-phe 

(ICI-D 7114), le sel disodique d'acide 5-[2-[[2-(3-chlorophenyl)-2-hydroxyethyl)amino]propyl]-1 ,3-benzodioxo- 
le-2,2-dicarboxylique (CL 316243) et le chlorhydrate de (1S,2R)-9-(2-fluoro-1-methylpropyl)-2-methoxy- 
6-(1-piperazinyl)purine (L-686 398). 
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